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An Epidemiological Study of Heat Injury in 


Army Recruits 


R. A. STALLONES, M.D., M.P.H.; R. L. GAULD, M.D., Dr.P.H.; H. J. DODGE, M.D., M.P.H., Washington, 
D.C., and T. F. M. LAMMERS, M.B., Army Environmental Health Laboratory, Md. 


Introduction 


The injurious effects of unfavorable cli- 
matic conditions have been recognized for 
centuries and have been the subject of ex- 
tensive study in recent years. These effects 
may be manifested indirectly by the influence 
of climate on the occurrence or severity of 
various diseases or directly by the physical 
trauma of a climatic factor or complex of 
factors. 

The latter situation can be considered to 
be a special case of the familiar host-agent 
interaction within an environment where a 
segment of the environment assumes the 
function of etiological agent. The familiar 
approaches to prevention and control are 
applicable, so that control measures may be 
directed toward modifying the agent, inter- 
posing barriers between the host and the 
agent, or increasing the resistance of the 
host to the deleterious effects of the agent. 

Whenever population pressures, military 
requirements, or exploratory urges force 
large numbers of people to live and work in 
unfavorable climatic zones, the direct effects 
of environmental heat become important 
medical problems. Study of this problem 
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is of particular interest to the Army, because 
a soldier may be unable to avoid exposure to 
heat in carrying out his assigned tasks. 

Research effort in the field of heat injury 
usually has been devoted to extensive phy- 
siological examinations of selected subjects 
under controlled conditions or to the study 
of clinical and pathological material. Horne ? 
reports some work on the occurrence of 
heat injury among British troops in Paki- 
stan and Iran, but the epidemiological data 
given are crude estimates. A number of re- 
ports are available concerning the hazard of 
heat injury in various occupations. 

Because of the paucity of epidemiological 
information directly applicable to military 
populations, Cook ? collected data from nine 
Army posts concerning the “occurrence of 
heat trauma and its relationship to climate 
during the summer of 1954. Questionnaires 
were completed on some 2000 cases. The 
weather data were incomplete but, when 
recorded, included dry-bulb, wet-bulb, and 
globe temperature readings at two-hour in- 
tervals during the day. This study indicated 
that recruits contributed a disproportion- 
ately large share of the cases and that, of all 
the training posts, Camp Chaffee, Ark., 
reported the greatest number of cases. Ac- 
cordingly, a more intensive epidemiological 
study at this post was planned to investigate 
the occurrence of heat injury among re- 
cruits under normal training conditions. 
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Plan of Study 


There are three primary variables to be 
considered in relation to the occurrence of 
heat injury: (1) the nature of the activity 
of exposed persons; (2) the predisposition 
of the exposed persons, and (3) the wea- 
ther. In this study, information has been 
gathered relating to some aspects of each 
of these three factors. 

The study was conducted at Camp Chaf- 
fee, Ark., from June 12 through August 27, 
1955. Camp Chaffee is an Army Basic 
Training Post, located near Fort Smith, 
Ark., on the western boundary of the state. 
It is south of the Ozark Mountains at an 
altitude of about 450 ft. above sea level. 
The military reservation is hilly and largely 
covered with scrub forest. 

Heat injury among recruits has been a 
considerable problem at Camp Chaffee for 
several years. A fairly detailed preventive 
program has been developed, which requires 
the curtailment of strenuous training activi- 
ties in hot weather, but, despite these efforts, 
cases have continued to occur each summer. 
From 1951 through 1954 there were 38 cases 
of severe heat injury, with two deaths re- 
ported from this post; this number repre- 
sents only a small fraction of the total num- 
ber of heat injury cases during this period. 

Study Population—All military person- 
nel assigned to Camp Chaffee at some time 
during the study period were included in the 
study population. Detailed information was 
collected on company rosters for those units 
engaged in recruit training, and this has 
been the subject for the detailed analysis. 
All tabulations have been based on 20% 
random samples stratified by company. This 
sampling procedure was checked by com- 
paring various characteristics of the sample 
from two companies selected at random 
with those of the entire company from 
which they were drawn. This comparison 
showed good agreement, and it is believed 
the procedure is valid. 

At the time of the study, Camp Chaffee 
was the home of the 5th Armored Division 
assigned the mission of training recruits. 
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For the most part, the trainees came to Chaf- 
fee within a week of their induction into 
service from homes in the North Central 
and South Central sections of the United 
States. The training program may be di- 
vided into two distinct phases. During the 
first eight weeks the newly inducted recruit 
received basic training and gained a familiar- 
ity with miliary organization and discipline 
and learned some of the basic skills of the 
soldier. The second eight weeks were de- 
voted to advanced training in a particular 
branch of the Army. At Camp Chaffee this 
specialized training was in the operation of 
artillery. For purposes of this study, all 
personnel on the post were classified accord- 
ing to the following scheme. 

Basic Trainees: These were new recruits 
engaged in fairly arduous and unaccustomed 
activity. This was the initial military ex- 
perience for most, although a few had prior 
active service or reserve training. 

Advanced Trainees: These men were tak- 
ing eight weeks of training in artillery tech- 
niques, working with artillery pieces in the 
field and being trained in methods of artillery 
fire control. In general, this work was less 
taxing than basic training, and the men 
were somewhat inured. Most of the ad- 
vanced trainces had taken their basic train- 
ing at Camp Chaffee, although some had this 
training elsewhere and came to Chaffee to 
enter the advanced phase. 

Speciality School Trainees: A small group 
of advanced trainees were enrolled in special- 
ist schools, studying radio operation, auto 
mechanics, or clerk-typing. Since the ac- 
tivities of this group were very different 
from those of the artillery trainees, they 
have been separately classified and are not 
included in the detailed analysis. 

Summer Trainees: At irregular intervals 
during the summer contingents of reserve 
and National Guard personnel arrived at 
Camp Chaffee for a two-week period of 
training. Most of this time was spent in 
field training, facilities for such being lack- 
ing in the communities from which they 
came. This group was acclimatized, for they 
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were residents of Arkansas and Oklahoma, 
but they were not accustomed to the type 
of work they did during the training weeks. 

Training Cadre: These men were assigned 
to the Division and were engaged in ad- 
ministration and instruction. Many of them 
accompanied the recruits through the train- 
ing activities. As a group they were older, 
acclimatized, and exposed to a considerable 
extent to heat without being exposed to the 
physical stress of training. 

Permanent Party: These were the per- 
sons, such as the staff of the Station Hos- 
pital, assigned to Camp Chaffee but not 
engaged in training recruits. They were ac- 
climatized and performed comparatively light 
duty in protected environments. 

Casuals and Others: This group included 
persons stationed at Camp Chaffee but not 
assigned specific duties. 

Weather Data.—Meteorological observa- 
tions were made by members of the United 
States Army Signal Corps. A base station 
was set up at a central location on the post 
where standard readings of dry-bulb, wet- 
bulb, and globe temperatures, and air move- 
ment at a height of 4 ft. were recorded at 
hourly intervals during regular working 
hours. Thermographs hydrothermo- 
graphs gave continuous recordings of dry- 
bulb temperature and relative humidity. 
Additional observations were made at ground 
level: and 1 ft. above the ground. Tem- 
porary field stations were located at various 
sites in the training areas, including the 
bayonet training range, rifle ranges, a gren- 
ade court, and the bivouac area, to gather 
information to compare with the base sta- 
tion data. The daily maximum dry-bulb 
temperatures recorded by the United States 
Weather Bureau Station at the Fort Smith 
Airport and the bureau’s daily predictions 
were also collected for comparison with ob- 
servations on post, 


Recording instruments and dry-bulb ther- 
mometers were housed in a standard Signal 
Corps instrument shelter (HO-17), a louv- 
ered box, painted white and mounted on 
stilts. Wet-bulb readings were obtained 
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from a sling psychrometer, mounted in the 
hut. Globe temperatures were obtained 
from an ordinary dry-bulb thermometer 
mounted in a black metal sphere, 6 in. 
in diameter, with the bulb at the center of 
the globe, suspended by wires from a simple 
open-pipe framework. Air movement was 
taken from hourly readings of a cumulative 
recording cup aneomometer. The difference 
between any one reading and that of the 
previous hour gave the total air movement 
for the hour. 

The variety of meteorological observa- 
tions recorded was planned to allow the sub- 
sequent derivation of various proposed 
indices of heat stress and the comparison 
of these indices in terms of the occurrence 
of heat trauma. The particular indices 
we have used are effective temperature 
(ET), corrected effective temperature 
(CET), globe-wet-bulb effective tempera- 
ture (GWBT), and Belding’s Heat Stress 
Index (HSI). 


Effective temperature and corrected ef- 
fective temperature are derived from a 
nomogram (normal scale). For ET dry- 
bulb temperature, wet-bulb temperature, and 
air movement were used, Globe temperature, 
wet-bulb temperature, and air movement 
were used for CET. * 

Globe-wet-bulb effective temperature 1s 
calculated as 0.7 of the wet-bulb reading plus 
0.3 of the globe temperature. Dr. Yaglou 
uses readings from a wet-bulb thermometer 
exposed to the sun and natural winds and 
from a fabric-covered globe.* In this study 
the wet-bulb readings were obtained from a 
sling psychrometer, and the globe was not 
covered, 

HSI is derived from a series of graphs 
prepared by Belding and Hatch.® This index 
incorporates dry-bulb temperature, wet-bulb 
temperature, globe temperature, air move- 
ment, and an estimation of the metabolic 
output of the subject. 


Training Activities —Training schedules 
for each company were collected for the 
study period, and observations were made 
at intervals of the various activities com- 
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prising the training program to evaluate as 
objectively as possible the nature and de- 
gree of the physical stress to which the 
trainees were subjected. 

Heat Injury Cases——One ward in the 
Station Hospital was reserved for heat in- 
jury cases. All suspected cases were brought 
directly to this ward from the training areas. 
Each person admitted to the ward was in- 
terviewed and examined. Diagnostic cate- 
gories were defined before the study began, 
as follows: (a) heat exhaustion without 
cramps: history of faintness, dizziness, or 
unconsciousness, transitory without known 
cause, fever without other determinable 
cause; (b) heat exhaustion with cramps: as 
above, with the addition of involuntary 
cramps of extremities or abdominal wall; 
(c) heat cramps: cramps of extremities or 
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abdominal wall without other symptoms of 
exhaustion; and (d) heat stroke: symptoms 


referable to heat trauma with temperature 
of 104 F or more. 


Results of Study 


The summer of 1955 was unusually mild. 
There were no prolonged hot periods, and 
the highest temperature recorded was 101 F. 
There were 138 heat injury attacks reported 
during the study. These occurred in 132 
persons, 6 persons having two attacks, Their 
distribution by date is shown in Figure 1. 
An additional 33 cases were diagnosed as 
questionable heat injury and have not been 
included in the analysis. 

Clinical Findings.—The distribution of the 
138 cases by diagnosis and major troop 
category is given in Table 1. 
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TABLE 1.—Distribution of Cases by Diagnosis and Major Troop Category 


Basic Advanced 
nees Trainees Other Total 
74 13 17 104 
19 6 2 27 
5 1 1 
98 20 138 


Although about 40% of the cases reached 
the heat injury ward within one-half hour 
of the onset of symptoms; the objective 
signs were meager. At the time of admis- 
sion 83 (60%) of the 138 cases had oral 
temperatures of less than 99 F and 120 
(87%) were below 100 F. Only 33 (24%) 
had pulse rates in excess of 100 per minute. 
Urine specific gravities were determined for 
86 patients at admission and, of these, 66 
(77%) were above 1.020. 

Ninety per cent of the patients reported 
dizziness and faintness. Over half had thirst, 
and almost 50% were nauseated. Some 60% 
had headache, and a third noted decrease in 
sweating prior to onset of illness. Preceding 
respiratory symptoms were reported by 
about 15% of the patients, and only one had 
diarrhea. The most surprising finding in 
these histories was the fact that more than 
40% reported a period of unconsciousness. 

Treatment consisted of bed rest in a cool 
ward with salt and fluids given orally. Re- 
covery was rapid, and 133 of the cases were 
returned to full duty the same day they 
came to the hospital. Four persons were 
placed on light duty, and one was admitted 
to the hospital for further study. 

Effect of Training Activities —The rela- 
tive incidence of heat injury in different 
troop categories is given in Table 2. The 


rate for the basic trainees was more than 
twice that of any other group. The order 
in which the rates decreased in the different 
categories is entirely consistent with the 
premise that heat injury occurs primarily 
in unacclimatized persons and in those en- 
gaged in strenuous activity. 

The effect of acclimatization is evident in 
Figure 2, which pictures the attack rates 
among basic and advanced trainees by week 
of study. Although the attack rates varied 
from week to week during the study period, 
depending largely on the variation in iem- 
perature, the rates among basic and ad- 
vanced trainees were roughly equivalent dur- 
ing the first few weeks. Thereafter the ad- 
vanced group had much lower rates than 
the basic trainees. The basic trainee group 
was continually being replenished by incre- 
ments of unacclimatized persons, while the 
majority of the replacements in the advanced 
training group were acclimatized by virtue 
of their previous exposure as basic trainees 
at Camp Chaffee. 

Analysis of the cases by week of training 
gives a different picture (Fig. 3). The 
variation in attack rates by week of training 
is largely the result of variation in severity 
of physical exertion. In the basic trainees 
the highest rates occurred during the second 
and sixth weeks of training. During the 


TABLE 2.—Cases of Heat Injury and Attack Rates per 1000 Person-Weeks 
of Observation for Various Categories of Troops 
Camp Chaffee, Ark., June 12 to Aug. 27, 1955 


Troop Category 


Cadre & party 
All others. 


* Estimated. 
t Excludes two cases who cou!! rot be classified. 


Stallones et al. 


Person- Weeks A.R./1000 
Observation Cases Person- Weeks 

58,675 98 1.67 

27,567 20 0.73 
9,298" 6 0.65 

10,808 3 0.28 

47,492 7 0.15 
9,939 2 0.20 

163,781 136t 0.83t 
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HEAT INJURY ATTACK RATES PER 1000 PERSON WEEKS 
OF OBSERVATION FOR BASIC AND ADVANCED TRAINEES 
GY WEEK OF STUDY. CAMP CHAFFEE, ARK., SUMMER 1955. 


FIGURE 2. 


second week the trainees spent a large pro- 
portion of the total training hours on the 
rifle ranges, and the sixth week was devoted 
to field training in bivouac. 

During the course of the study it was 
noted that cases tended to aggregate in cer- 
tain companies, and over half occurred in 
association with at least one other case in the 
same unit. One-quarter (or 29) of the cases 
occurred in five companies with 8, 7, 5, 5, 
and 4 cases, respectively. Three companies 
had three cases each, and an additional fif- 
teen companies had two each. The ex- 
perience of the five companies with the 
greatest number of cases may be summarized 
as follows. 

In Company C, 34th Medium Tank Bat- 
talion (four cases), all cases occurred on 
July 7. This was during the first heat wave 
of the summer, and the maximum dry-bulb 
temperature that day was 98 F. The com- 
pany was on bivouac, and the men were 
engaged in outdoor work, such as practicing 
squad maneuvers and digging foxholes, with 
outdoor classes interspersed. 

In Company D, 45th Armored Infantry 
Battalion (five cases), two cases occurred 
on July 12 followed by three on the 13th. 
This company also was in the sixth week 
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Three cases 


of training on bivouac. re- 
ported onset of symptoms while engaged in 
squad tactical training, and the other two 
while attending outdoor classes. 

Company C, 34th Medium Tank Battalion 
(five cases). This company had one case 
on July 27 and four on the 29th. The latter 
four cases occurred while the company was 
firing on the rifle range as part of the fifth 
week of basic training. 

In Company B, 46th Armored Infantry 
Battalion (eight cases), six cases occurred 
on July 28 and two on July 29. The com- 
pany was in the third week of training, and 
the cases occurred on the rifle ranges." Two 
of the patients reported that they ran out of 
water and were unable to get more. 

Of the seven cases in Company D, 47th 
Armored Infantry Battalion, six occurred 
on July 28 and one on July 30. The men 
were in their second week of basic training, 
and most of the training time was spent on 
the rifle range. 


BASIC 
TRAINEES 


A.R./IOOO PERSON WEEKS OBSERV. 


ADVANCED 
TRAINEES 


WEEK OF TRAINING 


HEAT INJURY ATTACK RATES PER 1000 
PERSON WEEKS OF OBSERVATION FOR 
BASIC AND ADVANCED TRAINEES BY 
WEEK OF TRAINING. CAMP CHAFFEE, 
ARK., SUMMER, 1955 


FIGURE 3. 
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EPIDEMIOLOGICAL STUDY OF HEAT INJURY 


TABLE 3.—Distribution of Causes and Attack Rates of Heat Injury 
by Age for Basic and Advanced Trainees 
Camp Chaffee, Ark., Summer, 1955 


Basic Trainees 


Cases 


Unknown 


Total 


* Estimated from 20% sample of training companies. 
t Attack rates per 1000 exposed persons. 


Effect of Individual Predisposing Fac- 
tors.—The tabulations of the epidemiological 
factors are based on an unduplicated count 
of persons where such matters as age, race, 
height, and weight are concerned. For such 
factors as activity, symptoms, etc., the data 
are based on separate attacks of heat in- 
jury. A separate attack is defined as one 
which was not preceded by a similar attack 
within five days. All the analysis is con- 
cerned solely with basic and advanced train- 
ees, excluding cases which occurred in cadre, 
reserve trainees, casuals, and those in 
specialty schools. 

The distribution of the cases by age is 
given in Table 3. Although the trend is not 
perfectly regular, there is a definite tendency 
for the cases to occur in disproportionate 
numbers at the extremes of the age scale. 
The lowest attack rates are for persons 
19 to 24 years of age. This suggests that 
physiological immaturity may still be of 
some importance as a predisposing factor 
in the late teens. Undoubtedly the rigors of 
basic training are less well borne by men 
above the age of 25 than by the younger 
men. 


Advanced Trainees 


Among the basic trainees, Negroes had a 
much lower attack rate than white persons, 
while the two rates were approximately equal 
among advanced trainees (Table 4). The 
relation of race to the occurrence of heat 
injury may involve a factor of acclimatiza- 
tion, since a higher percentage of Negro 
than white trainees are probably from south- 
ern states. This may explain the lower rate 
among Negroes in basic training in contrast 
to the absence of racial difference in the 
rates among advanced trainees after all were 
acclimatized. 

The distribution of cases by height and 
weight is illustrated in Figure 4. It is ap- 
parent, as has been generally accepted, that 
the risk of heat injury rises abruptly with 
increasing weight. The absence of a column 
in the diagram for the most extreme situa- 
tion (height below 5 ft. 6 in. and weight 
above 220 Ibs.) merely reflects the absence 
of a denominator for this classification, since 
such persons are not likely candidates for 
military training, 

Effect of Envirenment.—The curve of 
maximum daily dry-bulb temperatures for 
the study period is given in Figure 1. There 


TABLE 4.—Distribution of Cases and Attack Rates of Heat Injury 
by Race for Basic and Advanced Trainees 


Camp Chaffee, Ark., Summer, 1955 


Cases 


7,305 90 
Negro... 890 5 


95 


* Estimated from 20% sample of training companies. 
t Attack rates per 1000 exposed persons. 
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Basic Trainees 


12.3 1,785 


' Advanced Trainees 


Cases 


3 


17 


A.R./ A.R./ 
Age Pop.* Pop.* Cases 
17- 1,735 30 17.3 230 3 13.0 ek i 
2,670 2 10.9 715 6 8.4 
21— 1,875 19 10.1 630 2 3.2 an 
810 6 7.4 140 2 14.3 
25— 435 6 13.8 115 2 17.4 a 
27+ 380 4 10.5 85 2 23.5 ee 
290 1 34 250 0 0.0 
8,195 95 11.6 2,165 17 7.9 
4 
. 
Race Pop.* 1000¢ Pop.* 1000¢ 
78 
5.6 380 79 
AN races... 16 2.165 19 
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ATTACK RATES/ 1000 EXPOSED PERSONS / SEASON 


HEAT INJURY ATTACK RATES PER 1000 EXPOSED PERSONS 
PER SEASON FOR BASIC TRAINEES BY HEIGHT AND WEIGHT. 


FIGURE 4. 


were three hot weather peaks (July 4-16, 
July 19-31 and August 15-28), which were 
closely associated with the occurrence of 
heat injury. The dry-bulb temperature 
reached 90 F or higher on 57 of the 85 
days of the study. No cases of heat injury 
occurred on days cooler than this. The hot- 
test period was July 28-30 when the temper- 
ature exceeded 100 F (July 30) for the 
only time during the summer. 

This was an unusually mild season, and 
the mean temperature was much lower than 
in the previous year. The hot spells did 
not last as long, and the maximum tempera- 
tures were lower. This is reflected in the 
incidence of heat cases. During 1954 there 
were more than 300 reported, while in 1955 
only 138 were dignosed. 

The differences between the dry-bulb 
temperatures recorded at the base and field 
stations at Camp Chaffee and the United 
States Weather Bureau Station at Fort 
Smith airport were analyzed to determine 
the degree of variability. The daily maxi- 
mum dry-bulb readings at Fort Smith were, 
in general, slightly higher than those at the 
Camp Chaffee base station. This variation 
exceeded plus or minus 2 degrees on only 
4 of the 65 days for which paired ob- 
servations were available. 
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Similarly, this same range included all 
but 2 of the 61 days for which field station 
observations were made. The daily maxi- 
mum temperatures predicted by the Weather 
Bureau at Fort Smith were usually too low, 
being several degrees cooler than the actual 
temperatures recorded. 

Considerable variation was noted in the 
pattern of dry-bulb temperature readings 
and the climatic indices calculated from the 
metereological observations. Globe tempera- 
tures fluctuate much more widely than wet- 
or dry-bulb temperatures, and this contri- 
butes a considerable amount to the variation 
in the ET and HSI. The question naturally 
arises, which of the indices best reflects the 
occurrence of cases of heat injury? With 
the data available, an attempt was made to 
investigate this problem. 

Figure 5 is a spot diagram of the oc- 
currence of cases in relation to daily maxi- 
mum dry-bulb temperature. The association 
between these two variables tends to describe 
a logistic curve on an arithmetic plot, and 
for this reason a spot diagram employing a 
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FIGURE 5. SPOT DIAGRAMS RELATING DAILY MAXIMUM DRY 
BULB TEMPERATURE TO THE NUMBER OF CASES OF 
HEAT INJURY OCCURRING EACH DAY. ARITHMETIC 
AND SEMI-LOG PLOTS. CAMP CHAFFEE, ARK., 
SUMMER 1955. 


NO OF CASES OCCURING EACH DAY 


DAYS ON WHICH NO CASES OCCURRED ARE EXCLUDED 
FROM THE SEMI-LOG DIAGRAM, 
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TasLe 5.—Values of “F” for Linearity vs. a mage of Regression Equations 
Relating the Occurrence of Cases of Heat I 
Camp Chaffee, Ark., Summer, 1955 


njury to Various Temperature Indices 


Temperature Index 


Daily max. dry-bulb temp., June-12, Aug. 27, except Sat. and Sun 
Daily max. dry-bulb temp., June-12, Aug. 27, except Sun 


Wet-bulb-globe temperature (0.7 wet-bulb plus 0.3 Lcerantin 
Corrected effective temperature (Normal scale) - 
Wet-bulb temperature 
Globe temperature 
Daily max. dry-bulb temperature for same days 
Daily 8 a.m. dry-bulb temperature 
Daily max. dry-bulb temperature for same days 

Daily 11 a.m, dry-bulb 
Daily max. dry-bulb temperature for same days 


Daily max. dry-bulb temp. for days on which cases occurred... .. 
Daily max. dry-bulb temp. for days on which cases occurred except Sun. 


Basic Trainees 
d.f.* F 


All Trainees 
F P 


= 


ne 1,53 52.4 <0.001 
ons on 1,64 42.1 <0.001 
1,27 11.2 <0.01 1,30 18.3 <0.001 
1,26 15.9 <0.001 1,29 24.4 <0.001 
1,22 2.9 >0.05 1,22 1.7 > 0.05 
au 1,22 14.6 0.001 1,22 8.2 0.01 
ae. 1,22 4.5 0.05 1,22 4.2 0.05 
jis 1,22 17.1 <0.001 1,22 20.4 <0.001 
axhen 1,22 4.2 0.05 1,22 3.6 >0.05 
1,22 26.5 <0.001 1,22 32.9 <0.001 
1,24 11.8 <0.01 1,24 7.1 0.01 
1,24 18.7 <0.001 1,24 22.3 <0.001 


* d.f.=degrees of freedom 


log transformation of the number of cases 
was made. Here there seems little doubt 
of a basic linear relationship. This observa- 
tion is used as the basis for a comparison 
of the various heat stress indices. 
Regression lines have been calculated for 
the relationship between the occurrence of 
heat injury and the various climatic indices. 
The “F” test * * was applied to the regression 
equations as a measure of the goodness of 
fit of the different indices to a straight line 
(Table 5). The data used for calculation of 
some of the regression lines are incomplete, 
since there were occasional cases occurring 
on nonduty days when full records were not 
kept, but in each case a direct comparison 
was made between various indices and the 
dry-bulb temperatures for the same days. 
The temperature 
showed less deviation from a straight-line 
relationship with the occurrence of cases 
than the globe-wet-bulb effective tempera- 
ture or the wet-bulb temperature. 


corrected effective 


How- 
ever, the best straight-line relationship was 
obtained from the daily maximum dry-bulb 
temperature excluding Saturdays and Sun- 
days. 

Since most of the cases occurred prior 
to the time of the maximum temperature, 
regression lines for 8 a. m. and 11 a. m. 
dry-bulb readings were compared with maxi- 
mum dry-bulb data for the same days and 
in each case were less satisfactory than the 
maximum temperatures. 


Stallones et al. 


Comment 

Based on the hypothesis that there is a 
linear relationship between temperature and 
the log of the number of cases occurring 
each day, the daily maximum dry-bulb 
temperature was a better index of the oc- 
currence of heat injury than any of the 
other indices studied. The threshold level 
of this index was 90 F, for no cases oc- 
curred on days when the maximum tempera- 
ture did not reach this level. This index is 
not suitable for prediction of cases or for 
guiding curtailment of activity, however, for 
most of the cases had onset of symptoms 
well before the maximum temperature was 
reached. With due caution for the optimism 
apparent in the Weather Bureau’s predicted 
maximum temperatures, the predictions 
could be used to guide training. In this 
study the predicted high plus 5 degrees (F) 
gave an estimate of the daily high which 
would have been sufficiently accurate for 
control purposes, although occasionally it 
would result in unnecessary curtailment of 
training. 


Why the other indices were not as satis- 


* F—_variance explained by climatic index 
variance due to chance 
(f—P)2-+degrees of freedom 
(Y— of freedom 
where Y=number of cases of heat injury 


Y=computed number of cases of heat in- 
jury derived from the regression line— 
log number cases=a Xb (climatic index) 
=log Y=aXbexr 

Y=mean number of cases of heat injury 
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factory is not apparent. They have been 
demonstrated to be more closely associated 
with the physiological responses of test sub- 
jects to heat stress. However, in the particu- 
lar climate encountered during the study 
period in this area, there was very little 
variation in the wet-bulb readings from day 
to day, so that this factor contributed little 
to the variation of the climatic indices which 
incorporated it as an element. Most of the 
indices tended to show less variation than 
the basic observations, especially of globe 
and dry-bulb readings. Thus, the over-all 
effect of the derived indices was to dampen 
the swing of the direct observations and, 
in this instance, seemed to compress the 
temperature range without adding signifi- 
cantly to the evaluation of heat stress. No 
reasonable method was found of applying 
Belding’s Heat Stress Index to this situa- 
tion, for the variation of activity of the 
trainees was too great to permit classifica- 
tion for analysis. When the activity was 
reduced to an arbitrary standard value and 
the HSI calculated for each day at the 
time of maximum dry-bulb temperature, it 
was less suitable than the other indices 
tested. Obviously it was not designed to be 
used in such a fashion. 

Individual physical attributes did not yield 
very much information in this study. For 
one thing, the information which was avail- 
able on the control group was severely lim- 
ited. In any case, this type of approach 
does not hold much promise in directing 
control measures in a military population. 
Demonstrating that obesity predisposes to 
heat injury does not make practical a recom- 
mendation that persons who are overweight 
be excused from military service. 

One consideration offers definite promise 
in the control of this disease. Heat injury 
occurs in epidemics related to the tempera- 
ture, but within these epidemics there is a 
tendency for cases to accumulate in certain 
units; that is, the epidemic associated with 
the heat wave is made up of a number of 
small unit outbreaks. These outbreaks, when 
studied individually, are seen to be asso- 
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ciated with certain locales and certain types 
of activity. The most significant findings 
in this study relate the occurrence of heat 
injury to training on the rifle range, in 
bivouac, and during a retreat parade. 

The rifle ranges are skinned areas where 
shade is virtually nonexistent. The firing 
lines are paths of cinders, and temperatures 
in excess of 130 F were recorded just be- 
neath the surface of the firing lines when 
the ambient temperature was in the mid-90’s. 
While firing, the recruits stand, kneel, sit, 
and lie prone on the cinders for considerable 
periods of time. In the prone position there 
is maximum exposure to direct radiation 
from the sun above and from the hot sur- 
face below, and the heat stress must be very 
severe. While on the rifle ranges the trainees 
alternate between the firing line and the 
target pits. In the pits there is little respite 
from the heat stress of the firing line, for 
the pits are concrete revetments from which 
the targets are raised and lowered. Although 
the heat exposure is less there than on the 
firing lines, the physical exertion required 
is considerably greater. Another factor 
which must be considered is the stress re- 
sulting from almest continual exposure to 
loud noises and the tension accompanying a 
desire to record a high score. Although 
companies scheduled for firing begin at 5 
a. m. and the training day is usually com- 
pleted by 1 to 2 p. m. fairly high tempera- 
tures are reached during the morning hours. 

During the bivouac week the trainees live 
in the field, and their time is largely de- 
voted to application of principles learned in 
earlier training. This period of training is 
arduous and uncomfortable, and the occur- 
rence of heat injury in these circumstances 
is not surprising. 

Retreat parades are usually scheduled for 
the late afternoon. The parade itself is not 
particularly taxing, but the one such affair 
that was held at Camp Chaffee coincided 
with the third temperature peak of the sum- 
mer. Most of the companies participating 
in the parade formation devoted the entire 
afternoon of the day before to preparation 
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and practice on the drill field. On the day 
of the parade normal training activities were 
suspended before noon. The companies be- 
gan to gather near the drill field by 2 p. m. 
and spent from one to two hours waiting to 
join formation. The exposure during this 
time for some units standing in the open 
was severe. The parade was held in an open 
field and involved standing and marching in 
closely ordered battalion formations. 

When heat injury is investigated from 
this standpoint, preventive measures are ap- 
parent. Wherever possible, barriers should 
be placed between the agent and host, which 
simply means operating in shade as fre- 
quently as possible. Canvas overhead 
screens could be erected to protect firing 
lines. Exertion in the heat of the day should 
be avoided as much as possible by re- 
scheduling training activities and providing 
for more frequent rest periods. Any un- 
usual activity, such as a parade, should be 
scheduled only with full knowledge of the 
probable occurrence of heat injury cases. 
If scheduled, every effort should be made 
to minimize the heat stress attending the 
activity by careful planning to avoid un- 
necessary waiting in formation and by 
scheduling practice sessions during morning 
hours. Curtailing strenuous training activi- 
ties during the warmest part of the day is 
nullified by using this “free” time to prac- 
tice for a parade. 


Summary 


From June 12 to Aug. 27, 1955, an 
epidemiological study of the occurrence of 
heat injury in Army recruits was conducted 
at Camp Chaffee, Ark. 

During this period there was a total of 
138 cases occurring in 132 soldiers. 

The daily maximum dry-bulb temperature 
and various heat stress indices were related 
to the number of cases occurring each day. 
The dry-bulb temperature was the most sat- 
isfactory expression of the likelihood of oc- 
currence of heat injury. No reasonable 
method is apparent for prediction of the 
occurrence of heat injury in advance, al- 
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though the Weather Bureau’s predicted high 
for the day plus 5 degrees (F) approxi- 
mated the observed readings on most days. 

Acclimatization is obviously an important 
factor in the prevention of heat injury but 
does not provide a solid immunity. Ex- 
cessive exertion can break through the pro- 
tective effect of acclimatization. 

From these data, persons 20 to 24 years 
of age are less susceptible than those older 
or younger. There is slight indication that 
whites may be more susceptible than Ne- 
groes. Obesity is clearly associated with an 
increased risk of heat injury. 

The most promising approach to preven- 
tion and control of this illness depends on a 
consideration of the occurrence of numbers 
of cases in the same unit at the same time. 
When this occurs, the reason is usually 
apparent—injudicious exposure or exertion. 
These events are directly controlled by the 
company officers and noncommissioned offi- 
cers, and prevention depends on their aware- 
ness of the problem. Sporadic cases are 
probably the result of unusual individual 
susceptibility and are not preventable in a 
military situation. 

Assistance wac given by the Commanding Of- 
ficer and Staff, U. S. Army Hospital, Camp 
Chaffee, Ark., and the Signal Corps Meteorological 


Team provided by the Army Electronic Proving 
Ground, Fort Huachuca, Ariz. 


Walter Reed Army Medical Center, Washington 
12, D. C.: (Dr. Gauld) 
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Coal Workers’ Pneumoconiosis 


Miner 


ADOLPH G. KAMMER, M.D., Pittsburgh 


nary disability of the bituminous coal miner 
to date has been at variance with that now 
generally held by our English colleagues. 
We have maintained that occupational pul- 
monary disability in this trade, if it exists 
at all, must result from the inhalation of 
silica dust incidental to the mining of coal 
and that the condition which produces dis- 
ability must be silicosis. Our English 
colleagues have, over the past decade, grad- 
ually and methodically amassed evidence 
that coal dust itself is capable of producing 
a characteristic disabling disease process. 
They have established criteria which they 
find suitable for the diagnosis of the condi- 
tion as well as for estimating the degree of 
its associated disability. 

If we grant for the moment that the 
English are right in this matter and Amer- 
ican students of the subject are wrong, how 
is our persistent error to be explained? It 
seems to me that two errors of thought and 
practice might have been operating here. 

The first of these errors, peculiarly 
American, is our exaggerated reliance upon 
animal experimentation for the definition of 
occupational disease hazards. We are per- 
haps a bit smug in the application of a pat 
formula of occupational disease control 
which jumps from animal experimentation 
data to the design of industrial hygiene 


Submitted for publication Feb. 10, 1957. 

Head, Department ox Occupational Health, 
Graduate School of Public Health, University of 
Pittsburgh. 

Read in the Memorial General Hospital Golden 
Clinic Second Symposium on Coal Workers’ 
Pneumoconiosis, Elkins, W. Va., Oct. 4, 1955. 


466 


Occupational Health Problems of the Bituminous Coal 


Our attitude on the occupational pulmo- . 


engineering control methods. We tell our- 
selves that this is the efficient and humane 
way of handling the problem, and it must be 
admitted that the scheme works well for the 
vast majority of the problem materials of 
industry. Soft coal mining may prove to 
be an instance in which this practice has 
put us in trouble. Animal experimentation 
demonstrated that coal dust is nonfibrogenic. 
It followed that any dust hazard associated 
with bituminous mining must be related to 
the incidentally air-borne silica. Dust stud- 
ies of the mine air showed concentrations 
of silica well below those which can produce 
silicosis. This opinion was fortified by the 
absence of characteristic nodulation in the 
chest films of the miners generally exposed. 
In this neat, logical exercise it follows that 
the pulmonary disability other than silicosis 
among bituminous coal miners must either 
be unreal in the morphologic sense or, if 
real, due to a nonoccupational cause. 

Our second error, if indeed we have been 
wrong, stems from the common human 
fallacy of placing too great credence upon 
all the opinions of great men. In our case, 
the great man was Gardner. Gardner’s ex- 
periments failed to show any fibrogenic 
capacity in a long list of dusts, among them 
pure carbon and coal dust. The results 
were veenforced by the experiments of 
Sayers and Miller at the U. S. Bureau of 
Mines, in which it was shown that coal dust 
suspensions were completely inert as_re- 
gards a capacity to stimulate fibrosis when 
injected intraperitoneally into an experi- 
mental animal. In all fairness, both Gardner 
and Sayers limited their conclusions to the 
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experimental data, but those of us whose 
business it is to apply experimental data 
made the extrapolations which may turn 
out to have landed us in trouble. 

Our possible fallacy has been further 
compounded by the compensation laws of 
certain states and by the practices related 
to the administration of these laws. 

In general, these laws stipulate that com- 
pensation may be awarded only for cases in 
which it is possible to establish the diagnosis 
of silicosis, and they preclude other possible 
pulmonary causes of disabilities. It turns 
out that settlements tend to be based upon 
the dimensions of parenchymal nodules 
rather than exclusively on the presence or 
absence of disability. The laws and their 
administration are gradually being changed 
so as to conform more nearly with the 
principle of compensation for disability. 

A few years ago I had an opportunity 
to review an extensive file of case records 
and chest films of applicants for disability 
in this state. I was forcibly impressed by 
the great number of cases of claimed dis- 
ability unsupported by any silicotic nodu- 
lation in the roentgenogram. I later talked 
with the compensation manager of one of 
the largest mines about this. He gave it 
as his impression that there were many men 
on the company’s payroll who were partially 
disabled with breathlessness. It was his 
belief that the disability could be correlated 
with the number of years of work under- 
ground, and he was puzzled by the complete 
lack of evidence in the chest roentgeno- 
grams of some sort of lung disease. 

Where does all of this lead us in terms 
of the problem we are considering here 
today? Precisely to this point. We have 
got to make a reassessment of a subject 
which we thought was comfortably settled. 
The reassessment must be based on our own 
best observations and our most logical 
thought processes. Our best observations 
will be those that encompass the breathless 
coal miner as a total man, living in a par- 
ticular kind of community and working in 
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a particular kind of industrial structure. 
He is a member of a social group in which 
there are, perhaps, some fixed thought pat- 
terns, particularly as relates to shortness of 
breath after one has worked underground 
for a number of years. 

The reassessment must be made by physi- 
cians with this sort of horizon and not by 
physicians acting simply as lung doctors. 
Full utilization must be made of good epi- 
demiologic techniques and the best possible 
case judgments that give full consideration 
to the miner as a total man. 

My special and final plea is that in this 
reassessment the coal miner be spared from 
any further emotional trauma. We are all 
acquainted with the old dictum that the first 
requirement of a remedy is that it shall do 
the patient no harm. A logical elaboration 
of this is that a visit to the doctor should 
do the patient no harm. You will recall one 
of the by-product observations of the now 
famous Western Electric inquiry at Haw- 
thorne Works, the so-called Hawthorne 
Studies. The report reads, the “interviewers 
had noticed that an individual who is not 
very capable, or not very well adjusted 
socially, may behave capably and normally 
when he works in a surrounding that suits 
and sustains him.” 

As we have seen, the coal miner has had 
precious little of this kind of surrounding 
to sustain him. It is certainly the first re- 
sponsibility of his doctor to refrain from 
destroying such few shreds as may be avail- 
able. The man who works for a company 
he feels he cannot trust, or for a supervisor 
he cannot respect, misses an essential se- 
curity of life to which he is today entitled 
and which may in fact be there if he can 
see it. It is an important part of the total 
therapeutic responsibility of his doctor to 
help him find it. Especially is this true if 
the doctor’s concern is the solution of a 
complex problem involving the relationships 
of factors of employment to a possible occu- 
pational disease. 
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Pathology, Radiology, and Epidemiology of 


Coal Workers’ Pneumoconiosis in Wales 


JOHN CARY GILSON, 0.B.E., M.B., M.R.C.P., Penarth, Wales 


Historical Survey 


Coal-workers’ pneumoconiosis is, in our 
opinion, no new condition. The black lung 
of coal-miners, with its only diagnostic 
symptom, the expectoration of inky black 
sputum, was fully described 120 years ago 
in Scotland by Thomson.’ He was the first 
man to attempt a study of its prevalence by 
a questionnaire to his fellow practitioners. 
The condition was then commonplace but 
seems to have become less frequent, possibly 
owing to better ventilation in the mines, 
until at the turn of the century it was rarely 
encountered. In the first quarter of this 
century interest centered round the effects 
of quartz, and little attention was paid to 
coal dust. Collis, in his Milroy lectures in 
1915, said “Miners’ asthma, common though 
it used to be, has passed undescribed from 
our midst and conjectures as to its character 
and causation are idle,” but within 15 years 
the disease had reappeared in South Wales. 

The rising number of men applying for 
compensation in South Wales in the early 
1930’s led the Medical Research Council to 
institute an extensive survey in the area, 
which was carried out by Hart and Aslett 
between 1938 and 1942.2 Their investiga- 
tions confirmed a high prevalence of 
chest abnormalities detectable radiologically 
among those working in the mines, and 
demonstrated that the changes were not 
typical of silicosis. The largest number of 
cases occurred among those working on 
the coal face, but they also showed the 

Submitted for publication Feb. 10, 1957. 

Director, Pneumoconiosis Research Unit, Llan- 
dough Hospital. 

Read in the Memorial General Hospital Golden 


Clinic Second Symposium on Coal Workers’ 
Pneumoconiosis, Elkins, W. Va., Oct. 4, 1955. 


468 


same condition occurred among the coal- 
trimmers—those loading the coal into the 
ships, who were presumably exposed prin- 
cipally to coal rather than stone dust. They 
were unable to decide whether the high 
prevalence in the anthracite area was simply 
due to more dusty mines or whether there 
was something peculiar about the effects of 
anthracite, or whether there were some 
other factors as well. The war interrupted 
these investigations before the investigators 
were able to establish fully the natural his- 
tory of the condition. 


Pathology 


The high prevalence of the disease in the 
area stimulated much work on its pathology. 
The studies started by Belt and Ferris? 
were extended later by Gough* and Hep- 
pleston.* These investigations led to impor- 
tant findings. First, the condition is 
pathologically distinct from silicosis. The 
lungs contain large quantities of coal dust, 
which is aggregated into foci round the re- 
spiratory bronchioles. The fibrosis produced 
is strikingly sparse, the coal dust being held 
in a fine mesh of reticulin fibrils, stellate in 
appearance, and it contrasts greatly with the 
rounded whorled nodule of silicosis. 

Their second finding was that the patho- 
logical process was the same in whatever 
coal-field the men had worked, suggesting 
that there was nothing biologically peculiar 
about anthracite. Heppleston has extended 
these investigations to miners working here 
in the Pennsylvanian coal fields. The third 
and most important observation was that the 
disease had two forms—first, simple pneu- 
moconiosis, which was characterised by 
multiple coal foci scattered throughout the 
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lungs; these foci are surrounded by small 
areas of emphysema—the so-called focal 
emphysema—particularly prominent in the 
elderly, and another form, infective pneu- 
moconiosis, which starts as a collagen 
fibrosis within a few coal foci which subse- 
quently enlarges and coalesces to form a 
dense mass of fibrous tissue occupying 
much of a lobe or even a whole lung. This 
second form of the disease was thought to 
be due to tuberculosis superimposed on the 
lung heavily laden with coal dust. 


In a recent analysis of 1000 postmortem 
examinations of miners, James,> working 
in Professor Gough’s department, has found 
evidence of tuberculosis in 40% of those 
with massive fibrosis (about 400 cases), but 
the percentage of positive cases varies strik- 
ingly with age, being nearly 90% in those 
under the age of 40 and only 30% of those 
over the age of 59. 

Although coal-workers’ pneumoconiosis 
and silicosis appear quite different condi- 
tions, a mixed type can, of course, occur 
among coal-miners who have spent much 
of their time working in rock. It would be 
very interesting to know more about the 
relative frequency of these mixed types in 
coal-miners working in different areas. 

Prof. E. J. King and Dr. G. Nagel- 
schmidt * recently measured the total weight 
of dust and analysed its composition in a 
collection of miners’ lungs. A summary of 
their findings, which they have allowed me 
to present, is shown here. The feature of 
the colliers’ lungs is the very large weight 
of dust they contain—mostly coal dust. 
They also found no higher percentage of 
quartz in the colliers with complicated pneu- 
moconiosis than in those with simple pneu- 
moconiosis, and so it seems unlikely that 
quartz is a very important factor in the 
development of progressive massive fibrosis 
(P. M. F.). These lungs may not be typical 
of all cases of simple and complicated pneu- 
moconiosis, and we are attempting to collect 
a more representative group from those 
killed in mine accidents. 
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With that brief account of the pathology 
of the condition, I will return to the studies 
of its epidemiology. 


Post-War Studies of the Epidemiology 
of the Disease 


In 1946, and indeed even now, no exact 
information about the incidence of the dis- 
ease throughout the whole country was 
available. The only guide was that obtained 
from the number of cases receiving compen- 
sation for the first time year by year. In 
Figure 1, the upper half refers to South 
Wales; the lower, to the rest of Great 
Britain. There were peaks in 1945, and 
again in 1949, both almost certainly pro- 
duced in part by changes in the regulations. 
In the last few years there has been a 
striking decline in new cases in South 
Wales, but the number of cases in the rest 
of the country shown on the bottom of the 
Figure has been steadily rising. In inter- 
preting the slide it is important to realize 
that the figures in South Wales refer to a 
population of miners of about 100,000, 
while there are about 600,000 for the rest 
of Great Britain. These figures are, how- 
ever, an unreliable index of prevalence, be- 
cause they are affected by changes in the 
regulations, changes in the awareness of the 
disease, changes in the employment inside 
and outside the industry, and many other 
factors. However, the very striking differ- 
ences between the number of cases coming 
forward in South Wales and the number 
in the rest of the country led the Medical 
Research Council to set up the Pneumoco- 
niosis Research Unit in South Wales in 
1946, under Dr. C. M. Fletcher, to continue 
the study of the disease. 

Our work has fallen broadly into two 
phases, phases characteristic of much epi- 
demiological research: a retrospective phase 
during which we were attempting to find 
out as much as possible from looking at 
groups of films taken for various purposes 
in previous years—films which were not 
necessarily representative of all miners and 
of persons about whose working environ- 


469 


| 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Preumeconiosis Scheme 
Tay 


| 


4 


Figure 1 


ment we had inadequate information—and a groups of miners through the years, includ- 
second phase of prospective or forward- ing in one instance a planned field experi- 
looking researches, from which we are now ment to test a particular hypothesis. This 
reaping fruits, based on following defined experiment is the product of the energy 
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of my colleague, Dr. A. L. Cochrane, to 
whom much of the credit for its planning 
and execution is due. An account of the 
work is best divided into two sections—the 
first part dealing with the radiological ap- 
pearances and natural history of the disease 
and the second part dealing with the dis- 
ability produced by the disease, which I 
shall discuss in a later paper. 


Radiology and Natural History 


1. Classification—Since the chest x-ray 
is the only way of detecting the specific 
changes caused by dust, it was necessary 
to develop a classification of these appear- 
ances. It had to be simple to use and capable 
of giving repeatable subdivisions of films 
with a known accuracy. 

The classification developed, which was 
subsequently adopted at the International 
Labor Office (I. L. O.) Conference in 1950 
with some small alterations, is seen in Fig- 
ure 2. The disease is divided into two forms 
(which are the equivalents of the two 
pathological processes already mentioned) : 
Simple pneumoconiosis refers to those films 
which have discrete but often minute shad- 
ows throughout both lungs, and complicated 
pneumoconiosis, to those films that have 
localized shadows of much larger size. 
Simple pneumoconiosis is divided into three 
categories of increasing profusion of the 
discrete shadows. Complicated pneumoco- 
niosis is also divided into categories of in- 
creasing extent of the shadows. In Category 
A the shadows occupy more than 1 sq. cm. 
In Category B the shadows extend over 
fewer than three anterior rib spaces. Cate- 
gory C consists of those extending over 
more than three anterior rib spaces. In 
Category D are any of the above when 
associated with gross distortion of the pul- 
monary architecture. 

The repeatability of reading films of cases 
of simple pneumoconiosis by the same and 
different observers has been exhaustively 
studied by Fletcher and Oldham,’ and has 
been shown to be sufficiently accurate for 
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most epidemiological studies, provided suf- 
ficient care is taken in the radiographic 
technique. In a group of 500 films read 
previously during sutvey work, 90% were 
put in the same category on subsequent 
rereading. 

2. Two-Disease Hypothesis ——Our ear'y 
studies relating the type of pneumoconiosis 
to the man’s environment suggested impor- 
tant differences in natural history of simple 
and complicated pneumoconiosis. Simple 
pneumoconiosis only appeared and pro- 
gressed as such in those who were exposed 
to coal dust. On the other hand, complicated 
pneumoconiosis appeared and progressed in 
those who had left the mine. In addition, 
complicated pneumoconiosis did not appear 
to any extent in those who showed less sim- 
ple pneumoconiosis than Category 2. This 
two-disease hypothesis has required different 
methods for the further study of its two 
forms. 

Simple Pneumoconiosis—We hoped that 
by measuring the prevalence of simple pneu- 
moconiosis among miners who had worked 
on the coal face in the 10 years before the 
survey at a number of mines in South Wales 
and in England, and relating it to measure- 
ments of quantity and composition of the 
dust, we might be able to determine whether 
differences between prevalence in different 
mines were simply due to differences in 
dustiness or whether composition of the 
dust, particularly, of course, silica, had also 
to be taken into account. These studies, 
however, while producing evidence about the 
prevalence of the disease in selected mines, 
failed to answer the main problem, because 
of the uncertainties about past dust condi- 
tions. These could only be estimated, and 
with large errors, from the results of pres- 
ent dust studies adjusted by the use of a 
historical factor based on knowledge about 
the mine, such as coal output, type of seams 
worked, etc. We were using too blunt an 
instrument. It was impossible to determine 
for certain whether differences in dustiness 
alone were sufficient to account for striking 
differences in prevalence. 
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pneumoconiosis among “pure” face workers. 
ArcH. Inpust. HEALTH 11:17, 1955.) 


In one mine, however, where the condi- 
tions happened to be exceptionally stable 
over many years, my colleague, Mr. S. A. 
Roach, was able to show that there is a 
simple relationship between coal dust ex- 
posure of the men (calculated as the product 
of time and the concentration of the respir- 
able dust in terms of particles per cubic 
centimeter between 0.54 and 5) and the 
proportion of men with simple pneu- 
moconiosis among those who had worked 
only on the coal face, in that mine. Figure 
3 shows the fitted curve through his results 
for the three categories of simple pneu- 
moconiosis. The curves have the familiar 
sigmoid shape familiar to pharmacologists 
in studies of dose and response. Roach 
also noted that the substitution of estimated 
silica exposure for coal dust gave no mean- 
ingful results, suggesting that silica was 
probably of far less importance than coal 
dust in producing the changes of simple 
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(Reproduced from Fletcher, C. M. 


pneumoconiosis. His study added to the 
validity of our x-ray classification, for 
there are approximately equal exposure steps 
between the categories of simple pneumo- 
coniosis and it provided a rational method 
of testing the difference between different 
dusts. A forward-looking research project 
was suggested, and its detailed planning and 
execution has now been taken over by the 
National Coal Board in their Pneumoconiosis 
Field Research Scheme. This is a most 
ambitious scheme, which will extend over at 
least 10 years and is being carried out in 
more than 20 mines representative of all 
types throughout the whole country. The 
miners in these pits will be x-rayed periodi- 
cally (about three years), with use of special 
mobile x-ray vans capable of taking the 
highest quality films, with a special staff of 
physicians and radiographers. At the same 
time, the dust levels are being measured by 
a special team of more than 20 scientists 
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and technicians, these measurements being 
quite independent of the routine dust control 
within the mine. The scheme is well under 
way, and the fear that it might be difficult 
to get the miners to co-operate has been 
quite unfounded—over 95% of them come 
forward for their x-rays on a voluntary 
basis. The first round of surveys is nearly 
completed. It will, of course, be some while 
before the follow-up surveys in this research 
project are able to answer the two im- 
portant questions: Is the exposure required 
to produce simple (or complicated) pneu- 
moconiosis the same for all mine dusts and, 
secondly, to what levels must the dust con- 
centrations be reduced to achieve an ac- 
ceptably small risk of men developing the 
disease? The scheme will also provide much 
other information as well, starting with the 
prevalence of the disease in the selected 
mines. 

Prevalence studies of pneumoconiosis have 
also been made by McCallum and Browne ® 
in four mines in the Durham area, and their 
results when compared with ours in South 
Wales are of considerable interest. Figure 
4 shows the proportion of men with pneu- 
moconiosis related to age in four collieries 
in Durham County and four in South Wales. 
You see that in Durham the curves are dis- 
placed to the right—that is to say, pneumo- 
coniosis is appearing later in life. If we 
shift the scale by 10 years, as has been done 
in the lower half of the slide, the Durham 
and South Wales curves are almost per- 
fectly superimposed for both simple and 
complicated pneumoconiosis. The similarity 
of the curves is remarkable considering that 
they are obtained by two quite separate 
groups of workers, though using, of course, 
the same x-ray classification. They suggest 
that the dust conditions on the coal face in 
Durham must have been similar to those in 
South Wales when it is appreciated that it 
was the custom for boys to go straight on 
to the coal face at the age of 14 in South 
Wales, whereas in Durham they usually 
worked in other and less dusty parts of the 
mine and only graduated to the face about 
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eight to nine years later, at the age of 21-22. 
This comparison shows the need to take into 
account not only the amount of dust but the 
local mining employment traditions. 


Complicated Pneumoconiosis—The ex- 
perimental plan for the study of complicated 
pneumoconiosis has been of quite a different 
type; it was conceived by Dr. Cochrane 1°™ 
and has been executed by him with the 
help of the Welsh Regional Hospital Board. 
His idea was delightfully direct in approach. 
It has been very exacting and laborious to 
carry out, but, apart from its scientific re- 
sults, it has been an effective measure in 
preventive medicine and it has, by providing 
a defined and x-rayed population, given an 
opportunity for the study of a number of 
other common diseases quite unrelated to 
pneumoconiosis. His idea was this: If com- 
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plicated pneumoconiosis is due to reinfec- 
tion-type tuberculosis of men who already 
have simple pneumoconiosis, then, if we 
have two large groups of miners, many of 
whom have simple pneumoconiosis, and ar- 
range to reduce greatly the risk of tuber- 
culous exposure in one group, we should 
see a difference in the attack rate of com- 
plicated pneumoconiosis in the two groups. 
By attack rate I mean the proportion of 
those who were previously known to be 
normal or had simple pneumoconiosis and 
who developed tuberculosis or progressive 
massive fibrosis over a stated period. The 
comparison started in 1950 with an x-ray 
survey of a whole mining community in a 
valley (Valley A) with a population of about 
30,000, among whom there were 6000 miners 
and ex-miners. He succeeded in x-raying 
89% of the population. All the new cases 
of infectious tuberculosis, together with 
those already in the valley, were energeti- 
cally treated in a special hospital provided. 
In addition, intensive health visiting was 
carried out in the valley, to educate those 
who had positive sputum and who were not 
in hospital. In 1953 the valley was re-x- 
rayed, and 95% of those still there were 
re-x-rayed. The proportion who had left or 
died was under 10%. The group of miners 
for comparison was obtained by x-raying on 
two occasions all those working in four 
mines in a neighbouring valley (Valley B) 
where only the usual measures of tuber- 
culosis control were in force—over 95% 
of all miners being x-rayed on both oc- 
casions. 

A comparison of the attack rate of tuber- 
culosis and P. M. F. among the miners and 
ex-miners in the two valleys, when related 
to the x-ray category at the time of the first 
survey, shows two points: First, the attack 
rate is much higher in the men with simple 
pneumoconiosis Category 2 and 3 than in 
those with normal films or Category 1, thus 
confirming our earlier impressions of the 
importance of the category of simple pneu- 
moconiosis in relation to complicated pneu- 
moconiosis, and, secondly, the attack rate 
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in Valley A is less than in Valley B. How- 
ever, these differences, although they are in 
the expected direction, do not reach the 5% 
level of significance, over the two-and-one- 
half year period between the surveys. A 
further survey is planned later. 

To provide an independent measure of 
tuberculous infectivity in the two valleys, 
Mantoux testing of the children was done 
by Dr. T. F. Jarman ™ at the time of both 
surveys. There was a fall in the proportion 
of children reacting in Valley A at the time 
of the second survey compared with the 
first occasion, whereas there was no signifi- 
cant change in Valley B. Thus it seems 
probable that the difference in attack rate 
of P. M. F. (and tuberculosis) in Valley A 
compared with Valley B was the result of a 
decreased exposure to tuberculosis. 

There is, therefore, now some direct ex- 
perimental evidence in man to support the 
view that at least one of the factors re- 
sponsible for P.M. F. is reinfection tuber- 
culosis in a lung already !oaded with dust. 
It cannot be claimed that it has been proved 
to be the only factor. 

To summarize the situation, therefore, 
we believe that simple pneumoconiosis is 
caused by coal dust and, as such, only 
progresses in the presence of further dust 
exposure. We believe that the quality of 
the dust within the range of the composition 
we seen in our coal mines probably is far 
less important than the total quantity (dura- 
tion of exposure multiplied by concentration 
of respirable dust) in effecting the rate of 
appearance and progression of the condi- 
tion. 

Complicated pneumoconiosis is, we be- 
lieve, usually the effect of tuberculosis super- 
imposed on simple pneumoconiosis. It 
progresses whether or not the man remains 
underground, but it only starts in any 
appreciable number of cases in those with 
at least a Category 2 degree of simple pneu- 
moconiosis. 
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Pulmonary Disease Problems in 2140 Hospital 
Admissions of Soft Coal Workers 


Knoxville Chest Group Experience 


DAVID H. WATERMAN, M.D., Knoxville, Tenn. 


Because of the large number of soft-coal 
workers in the Southern Appalachian area 
presenting serious chest disease problems, 
the Knoxville Chest Group was organized 
in 1949 with the assistance of Dr. Royd R. 
Sayers and Dr. Warren F. Draper for the 
purpose of investigating practical treatment 
regimens for these patients. Internists, 
thoracic surgeons, allergists, and cardiol- 
ogists were included in the group. Our 
experiences with the treatment of the 1078 
new patients and 1062 readmissions, con- 
stituting 2140 hospital admissions in all to 
the Chest Group Service, form the basis of 
this report. 

It was felt at the onset that known tuber- 
culosis cases should not be included, as such 
patients could be better cared for in tuber- 
culosis hospitals than in a general hospital, 
where the Chest Group study was carried 
out. Needless to say, numerous cases of 
tuberculosis were uncovered in the course 
of the routine investigation of service ad- 
missions. The patients were further selected 
in that all were referred because of chest 
complaints. Inasmuch as excellent studies 
of the impairment of pulmonary physiology 
in coal workers were already being carried 
out by Gordon, Motley, Theodos, and their 
co-workers, at Barton Memorial Hospital, 
of Jefferson University; by Princi, of the 
Kettering Laboratory of the University of 
Cincinnati, and by Wright, at Saranac Lake, 
it was decided that the study should remain 
primarily a clinical one. Functional studies, 
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unless done as completely as in the fore- 
going investigations, would have been ac- 
tually misleading rather than helpful. 


Procedure of Investigation 


On admission to the service each new 
patient was given a thorough initial work-up 
by one of the internists. This included a 
careful clinical and work history; complete 
physical examination; routine laboratory 
work of blood cell count, urinalysis, and 
serology; tuberculin and histoplasmin tests, 
and x-ray studies of the chest consisting of 
inspiration, expiration, and lateral 6 ft. 
erect films. A thoracic surgeon aided in the 
evaluation and performed careful fluoros- 
copy. If allergic factors were suspected, a 
complete allergy work-up was included. 
Consultants in other fields were requested 
to see the patient if this was indicated. 

Table 1 gives the actual number of con- 
sultations other than thoracic or allergy 
for the 1078 patients in the study. Ortho- 
pedic consultations were the most numerous, 
arthritis of the sm « being one of the 
principal findings. significance too was 
the high number chiatric consultations. 
Inasmuch as z tat majority of the 
patients were and, hence, unem- 
ployed at the time, and were the heads of 
large families as a rule, the psychiatric 
problem can well be appreciated. 

For a part of the study, sociology and 
psychology workers from the University of 
Tennessee participated, and they were of 
great help in evaluating the factors involved 
in the emotional maladjustment of the pa- 
tients. As would be anticipated, considering 
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TABLE 1—Consultations Other Than Thoracic and 
Allergy in 2140 Hospital Admissions of 
Soft-Coal Workers 


Consultations, No, 


Orthopedic. 
Psychiatric 


Dermatologic 
Neurological 


that the majority of the patients were over 
the age of 50, cardiac and urological prob- 
lems were common. 


Symptoms 


By far the commonest presenting symp- 
tom of the patients was dyspnea of varying 
degree and duration. The predominance of 
breathlessness in coal miners has been re- 
marked by numerous investigators. Cough, 
usually productive, was the next commonest 
symptom. Wheezing was present in a high 
percentage of cases and was due in most 
instances to bronchospasm rather than to 
true allergic asthma. 


Work History 


A careful work history taken on each pa- 
tient revealed that the average miner seen 
had worked 25.3 years and had been unem- 
ployed for an average of 3.5 years. Ap- 
proximately a quarter of the patients seen 
were still working. 


Clinical Diagnoses 


It was found that a high percentage of 
the patients suffered from chronic bronchi- 
tis. Table 2 indicates that 82% of the pa- 
tients coming through the service had bron- 
chitis of appreciable degree. Emphysema 
was the next commonest condition, at 76%. 
Only 20% had what was believed to be 
true asthma. 

With use of the accepted criteria for 
x-ray diagnosis of silicosis, 19% were so 
diagnosed. Bronchiectasis of greater or 
lesser degree was found in 9%, and 24% 
were grouped into other categories, such as 
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TABLE 2.—Clinical Diagnoses in 2140 Hospital 
Admissions of Soft-Coal Workers 


Approximate 

Diagnosis Percentage of Cases 
Chronic bronchitis 82 
Pulmonary emphysema 76 
Asthma 20 
i 19 
9 
Other (ca., tbe., fibroses, etc.)............ 24 


carcinoma, tuberculosis, various types of 
fibrosis not classified as silicotic, and other 
conditions. 


Treatment Regimen 


Because of the high incidence of second- 
ary infection, usually in the form of chronic 
bronchitis, it soon became apparent that one 
of the most fruitful avenues of approach 
would be the control of the bronchial in- 
fection. This was done by a six-point pro- 
gram of bronchoscopy, postural drainage and 
expectorants, inhalation therapy employing 
antibiotics and bronchodilators, the removal 
of irritants, the use of supportive therapy, 
and allergic work-up as indicated. 


Essentially, this was the sort of treatment 
that had long been applied to known cases 


of bronchiectasis. Its application to the 
group as a whole, the great majority of 
whom had bronchitis of greater or lesser 
degree, was stimulated by work that had 
been begun some three years before the 
organization of the group, and which has 
been reported recently. 

Applied to the coal workers seen in the 
study, the treatment proved to be remark- 
ably effective. Almost all of the patients so 
treated experienced marked symptomatic re- 
lief and were exceedingly grateful. Many 
returned for subsequent courses of therapy. 


Bronchoscopy.—Table 3 shows that 51% 
of the patients were bronchoscoped at least 
once. There were 11% bronchoscoped twice, 


TABLE 3.—Incidence of 1137 Bronchoscopies in 
2140 Hospital Admissions of Soft-Coal Workers 


No. of Bronchoscopies per Patient Per Cent of Patients 


3 
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4% 3 times, and 3% 4 times or more, the 
greatest number of times being 19. In all, 
1137 bronchoscopies were performed. Bron- 
choscopy in such patients accomplished three 
things—accurate diagnosis, systematic as- 
piration, and the collection of bronchial 
secretions relativel’ uncontaminated by 
mouth organisms for laboratory study. 


In regard to the first of these advantages, 
the extent of bronchial infection can be far 
more accurately determined by broncho- 
scopy than by clinical appraisal. The mucous 
membrane reaction, the amount and charac- 
ter of secretion, the degree of bronchospasm, 
the source of secretion or the localization 
of bleeding, the extent of bronchial distor- 
tion, and, not infrequently, the presence of 
unsuspected carcinoma, eroding lymph node, 
foreign body, or stenosis can be revealed. 


A rather wide variation of bronchial re- 
action was noted in these patients. The 
mucous membrane was reddened in the 
average case of bronchitis, often to a marked 
degree. Occasionally, however, the pale 
edematous mucous membrane associated 
with allergy was encountered. In other pa- 
tients the use of aspirating tips revealed a 
tender easily traumatized mucosa, thought 
to be normal at first glance. The secretion 
in many of the cases of bronchitis was mu- 
coid, and it was frequently exceedingly 
tenacious if appreciable emphysema was 
present. A high percentage of patients, 
however, had mucopurulent secretion in con- 
siderable amounts. This was not necessarily 
a sign of bronchiectasis, as many more cases 
of purulent bronchitis than of actual bron- 
chiectatic change were encountered. It 
should also be noted that examination of the 
upper lobe orifices by a right-angled tele- 
scope was routinely done and frequently 
revealed unsuspected pathology. 

The most important function of bron- 
choscopy in these patients is felt to be the 
very thorough systematic aspiration. For 
maximum clinical benefit, curved aspirating 
tips must be passed into each of the ac- 
cessible secondary or tertiary bronchi. Such 
thorough aspiration almost invariably pro- 
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duces vigorous cough, thus removing a maxi- 
mum of secretion. A shrinking agent, 
usually 1:1000 epinephrine or 0.25% phenyl- 
ephrine (Neo-Synephrine) hydrochloride, is 
then applied to the mucous membrane with 
a bronchoscopic sponge carrier. 

As to the third advantage, the collection of 
bronchial secretions for laboratory study can 
effectively be done only through the bron- 
choscope if the bacteriologic data are to be 
valid. Bronchial lavage can be carried out 
if insufficient secretions are present. Such 
lavage is routinely done in cases of suspected 
tuberculosis, unless considerable secretion is 
obtained. The collected specimens are sent 
immediately to the laboratory in screw-top 
test tubes. The bacteriologic study requested 
is discussed later. 


In spite of the necessary vigor of the 
bronchoscopy, the average coal miner bron- 
choscoped immediately commented on the 
sensation of increased ventilation produced, 
often saying that it was the first time he 
had been able to get a deep breath in 
months. Cough became effective, also often 
for the first time in many months. It was of 
interest that many of the patients remarked 
that they were still effectively raising secre- 
tions several months after the procedure. 

The duration of this salutary effect varied 
roughly in inverse ratio with the amount of 
permanent damage present. 


Postural Drainage.—After the bronchos- 
copy, the patient is put on a regimen of 
postural drainage four times daily, before 
each meal and before bedtime. This need 
not be long. If the patient goes over the 
side of the bed as near vertically as possible 
for perhaps two minutes, coughing vigor- 
ously during this period, he will frequently 
raise his secretions after he again sits up. 
If there is localized pathology in some part 
of the lung, as bronchiectasis in the middle 
lobe, for example, the patient is placed in 
the position that will best facilitate drainage, 
such as lying on the back, before he goes 
over the side of the bed. If there is a 
contraindication to postural drainage, such 
as heart disease or severe emphysema, the 
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foot of the bed may be elevated for about 
20 minutes as a substitute. 

An expectorant, usually in the form of 
ammonium chloride in the dosage of 1.5 
or 2 gm., is given with a glass of hot water 
30 minutes prior to the postural drainage. 
Potassium citrate in syrup of citric acid; 
a preparation containing diphenhydramine 
hydrochloride, ammonium chloride, and 
sodium citrate (Benylin Expectorant), or 
potassium iodide may be substituted if found 
more efficacious. 

The expectorants are continued after the 
patient leaves the hospital, although the pa- 
tient is advised to try the postural drainage 
preceded only by the hot water for a time. 
This often proves efficacious. 

In most cases who do not have excessive 
secretion, postural drainage on arising and 
at bedtime proves to be a practical main- 
tenance regimen. 

It should be pointed out that mechanical 
measures, such as postural drainage, can be 
just as effective in bronchitis as in suppura- 
tive disease, even if the amount of secretion 
raised is very small. This is especially true 
in patients with emphysema, where the bron- 
chial cleansing mechanisms are inefficient. 


Aerosol Therapy.—Bronchial affections 
such as bronchitis can be effectively com- 
bated by aerosol antibiotics carried directly 
to the bronchial mucosa. In our experience 
they have been more effective than the intra- 
muscular or oral use of antibiotics, which 
requires high blood levels to obtain effective 
concentrations in the bronchial tree. 

It is our feeling that relatively short 
courses of aerosol therapy are the most ad- 
visable, granted that adequate dosage is 
used. The objective, as we have stated be- 
fore, is to deliver a lethal dose of antibiotic 
to the bronchial flora over a brief period 
so that there will be less chance for the 
organisms to mutate and develop resistant 
strains. 


Inhalations given five times a day at 
three-hour intervals for approximately three 
days have been considered sufficient. Al- 
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though a number of patients in the group 
have been given inhalations over a con- 
siderably longer period, it has been our 
observation that the shorter period has, on 
the whole, been quite as effective. 

Resistant strains of organisms can easily 
be produced by overlong treatment. Fur- 
thermore, the strains of bacteria not sus- 
ceptible to the antibiotic will frequently 
overgrow and become principal offenders. 
Effective short periods of therapy can suf- 
ficiently alter the bronchial flora so that the 
patient is able to overcome his remaining 
infection. 

It should again be emphasized that a 
thorough mechanical cleansing of the bron- 
chial tree by bronchoscopy paves the way 
for the most effective antibiotic therapy by 
the inhalation route. The results in patients 
receiving inhalation therapy without pre- 
liminary bronchoscopy have definitely been 
inferior in our experience. 


Selection of Drugs.—Since the formation 
of the Chest Group, penicillin has been the 
drug most widely used by inhalation, and it 
has proven remarkably effective. It has 
been necessary, however, to increase the dose 
of the antibiotic because of the resistance 
that has developed in various bacterial 
strains. Our sensitivity studies have indi- 
cated that penicillin is still effective in the 
great majority of cases. Inasmuch as peni- 
cillin is bactericidal in increased dosage, we 
feel that less than 50,000 units per inhala- 
tion is inadvisable. 

The sensitivity studies have also shown 
that erythromycin is one of the two most 
effective drugs for bronchial infection, the 
other being chloramphenicol (Chloromyce- 
tin). Through the cooperation of Dr. Peter 
J. Farago, of the Abbott Laboratories, a 
preparation of erythromycin lactobionate has 
been tried experimentally, 100 mg. being 
dissolved in 40 cc. of saline. Of this mix- 
ture, 1 cc. (2500y), has been used for each 
inhalation. So far the results have been 
encouraging. 

Chloramphenicol should be remarkably ef- 
fective as an aerosol, if a satisfactory diluent 
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can be found for this drug. Our first at- 
tempt to obtain a satisfactory solution for 
inhalational use was ineffective. Dr. H. E. 
Carnes, of Parke, Davis & Company, has 
now provided us with a fairly satisfactory 
method of preparation of a chloramphenicol 
aerosol, although further work will have 
to be done to simplify the dilution method 
for routine hospital use. Studies are now 
in progress to determine the effectiveness 
of the drug as an aerosol. Our sensitivity 
studies have indicated that it will be the 
drug of choice in most instances and that 
few cases of acquired resistance are found. 

Although oxytetracycline (Terramycin) 
inhalations have been somewhat irritating, 
probably owing to the acidity, the results 
have been satisfactory. Sensitivity studies, 
however, have not indicated that the drug 
is as effective as the two preceding “my- 
cins.” 

Our interest has recently been turned to 
the use of drugs in combination. For many 
years we have been using tyrothricin com- 
bined with penicillin. The work by Prigall 
and his associates has indicated that sub- 
effective doses of antibiotics in combination 
considerably increase the inhibition ob- 
tained. Although incompatibilities of anti- 
biotics exist, we predict that it will be possi- 
ble to combine two or three antibiotics 
effectively in the future for most bronchial 
infections. This line of investigation would 
seem the most promising of all. 


Bronchodilator Drugs.—In connection 
with antibiotics, bronchorelaxing drugs are 
particularly necessary in the  soft-coal 
worker because of the high incidence of 
bronchospasm. These can be delivered by 
nebulizer with the antibiotics, if known 
compatibility exists, or given separately 
several times daily. 

The use of the Halliburton respirator for 
intermittent positive-pressure breathing has 
been beneficial in these coal miners. Our 
initial experiences with intermittent positive- 
pressure breathing were not as satisfactory 
as elsewhere reported. We have felt, how- 
ever, that for the emphysematous patient, 
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encountered among the coal miners in great 
numbers, positive-pressure breathing is of- 
ten an effective way of delivering both 
aerosol and bronchorelaxing drugs. 


Removal of Irritants—Soft-coal miners, 
because of the inevitably dusty atmosphere 
in which they work, constitute a real prob- 
lem, because it is not possible to remove 
the source of irritation at all times. All 
types of dusts, regardless of their nature, 
are irritating to the bronchial mucosa. Whe- 
ther one is willing to accept the theory that 
coal dust produces the specific disease of 
coal workers’ pneumoconiosis, its action as 
an irritant goes unchallenged. It is ob- 
viously unwise for the patient with a very 
diminished respiratory reserve to return to 
such a dusty atmosphere. 

Cessation of smoking is felt to be ex- 
ceedingly important if a good result is to 
be obtained. Almost all the miners seen in 
this study have been rather heavy cigarette 
smokers. All with permanent pulmonary 
damage have been advised to stop completely 
and to resolve that they will never smoke 
even a single cigarette, much as the alco- 
holic is advised never to touch a drop of 
liquor. There can be no question that 
cigarette smoke is a potent bronchial irri- 
tant. This is one factor that can be con- 
trolled by the patient. Certainly there is 
no simple way to stop smoking. The most 
advantageous time for the patient to break 
the habit is while he is in the hospital, in a 
different environment. 


Supportive Therapy.—Vitamins are ad- 
ministered routinely, inasmuch as clinical 
or subclinical vitamin deficiency in these pa- 
tients is common. Iron is prescribed if 
anemia is present. Routine protein supple- 
ments are used when indicated. 


Allergy Work-Up.—Where allergy is 
suspected, the patient is studied carefully 
by an allergist and given full sensitivity 
testing. As stated before, the incidence of 
bronchospasm is very high. It is also felt 
that the incidence of true asthma is some- 
what higher than in the general population, 
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inasmuch as borderline cases are frequently 
thrown into true allergic states because of 
the dusty atmosphere in which they work. 


Analysis of Bronchial Secretions 


Bacteriologic data have been obtained on 
the entire group. Routinely the secretions 
are examined by (1) smear for organisms 
including spirochetes, (2) aerobic and 
anaerobic culture with identification of or- 
ganisms, and (3) tuberculosis concentration 
with culture. Fungus cultures are no longer 
done routinely, as the results have not been 
particularly fruitful. Examination for tu- 
mor cells is requested if carcinoma is sus- 
pected. 

Sensitivity Studies 


Sensitivity studies have been of exceed- 
ing value in our study. With use of the 
method developed by Brown and Wood- 
ward, previously reported in some detail, 
it has been possible to obtain sensitivity 
reports by the direct dilution method within 
12 to 24 hours. Inasmuch as the plates are 
innoculated directly from the bronchial flora, 
the conditions closely approximate the in 
vivo situation, and the results appear to us 
to be more valid. Of particular interest is 
the finding that in 46 cases in which this 
type of testing was carried out, penicillin 
gave satisfactory inhibition in 76%. This 
closely approximates the 80% reported in 
our first paper on a small group of tests. 

Uniformly the tests have shown good 
response to chloramphenicol and erythromy- 
cin, with little indication of the emergence 
of resistance to these drugs. 


Results 


The particular regimen of treatment out- 
lined is rather difficult to evaluate. From the 
subjective standpoint, however, the results 
have been excellent, and the patients have 
been particularly grateful. This has been 
the considered opinion of all the observers 
in the Chest Group. Objectively, patients 
have shown weight gain, return of normal 
blood picture, and increased work tolerance 
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in many instances. Where the damage is 
severe, and the patient is a_ borderline 
respiratory cripple, obviously no therapy 
such as this can restore the patient’s pul- 
monary function. Those patients who still 
have good respiratory reserve have done well 
and usually have returned to work. 

On questioning the patients readmitted, it 
was found that the benefit from the therapy 
lasted from one to three months in most 
cases. Patients who did not smoke or who 
stopped as advised experienced considerably 
longer periods of relief than did those who 
continued to smoke. 

In diseases as resistant as emphysema and 
severe fibroses of various sorts, such as 
and _ soft-coal-worker’s pneumo- 
coniosis, for example, the treatment picture 
is at best a gloomy one. If palliation can 
be given and the patient’s life made more 
comfortable progress has certainly been 
made. 


silicosis 


DISCUSSION 


Dr. SANvers, Milwaukee: Dr. Gilson, you say 
that Category 1 did not progress to a Category A 
stage without further dust exposure? 

Dr. Grtson, Penarth, Wales: The attack rate 
is extremely low. There is even some new evidence 
for supporting the original concept that a small 
amount of dust does in some way protect one 
from infectious tuberculosis. 


Dr. Frank C. Hopces, Huntington, W. Va.: I 
have seen cross sections of whole lungs in natural 
color. Are you the person who prepared those 
sections, or do you know how it was done? 

Dr. Gitson: The method was developed by 
Professor Gough. I have some of the sections 
here, which perhaps some of you might like to 
look at. They demonstrate beautifully the con- 
tinuous sequence of abnormalities from the city 
dwellers’ lung to the miner with simple pneu- 
moconiosis. The lung is inflated, fixed, frozen, 
and then cut by a 12 in. microtome to about 100x. 
Originally mounted on glass, the sections are now 
put on paper. 

Dr. Honces: About 30 years ago, when we 
first started to study these lungs with anthracosis, 
we were struck by the fact that there was very 
little fibroblastic reaction. But now they show 
more or less fibroblastic reactions. Do you know 
of any changes in mining operations that could 
account for such changes? 
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Dr. Princi, Cincinnati: I am not certain that 
I was aware that there was a change in fibro- 
blastic reactions. The only changes in mining 
methods have been those which have been due to 
increased mechanization, and it can be expected 
that there will be a greater dust concentration of 
smaller particle size. However, in the absence of 
any factual data, it is almost impossible to answer 
that question accurately. 


Dr. Hopces: We have noticed that there has 
been a gradual change taking place, and it appears 
to me—I don’t know if it is due to silicon—that 
there is something in addition that seems to be 
operative in producing the fibroblastic changes. This 
impression is on the basis of postmortem studies. 


Dr. SANDER: Dr. Gilson, would you.care to com- 
ment on that? Are you reasonably sure that you 
have not had a chiage in quartz exposure in the 
group? This might account for the difference, 
for mixed types of coal pneumoconiosis certainly 
occur. 


Dr. Hopces: It is a typical one produced by 
silica and is as shown by Dr. Gilson. 


Dr. Princr: I see no reason why coal dust 
should act differently today than it did 30 years 
ago as far as physiologic responses are concerned. 
Therefore, one must assume, even though it is a 
guess, that there were other factors. Certainly, 
if there is a certain amount of silica dust in the 
atmosphere, then one could expect a modification 
of the type of lesion that is observed. 


Dr. SANDER: I think it is very important to 
remember that even when you have a low silica 
content, as low as 2.5%, as Dr. Gilson mentioned, 
if the dust counts are high you are going to have 
adequate silica exposure to cause some silicosis 
in some of these miners, even though the percent- 
age of silica may be low in individual samples. 
It therefore is reasonable to expect that some of 
the nodulation—not all by any means—may be due 
to small silicotic nodules. 


Dr. W. F. ScumMtpt, Norton, Va.: Can you give 
us any information about this 40.0% figure of 
positive tuberculosis? Has any work heen done 
on reducing the amount of lesion progression ? 


Dr. Gitson: The percentage of positive tubercu- 
lar cases at postmortem examination is markedly 
affected by age. In Dr. James’ figures it was 90% 
under the age of 40, with a falling-off up to less 
than 30% over the age of 60; so there is a big 
age effect. 


I do not know the real meaning of this. As 
far as I know, no one has ever published a com- 


parable series of presumed 


straight tubercular 


cases and studied the number in which they could 


detect tuberculosis bacteriologically at postmortem 
examination. 
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I think the second part of your question was 
whether therapy has any effect on this condition. 

We carried out a controlled trial of Isoniazid 
in 120 volunteers with early complicated pneu- 
moconiosis. Half were given two three-month 
courses of the drug; the other half, control tablets. 
Most of the men were at work and, we followed 
them over a period of 15 months. We were unable 
to detect any difference in the rate of progression 
of the two groups judged radiologically. 

I am not sure that our regimen could be con- 
sidered adequate therapy. They were all negative 
cases initially. There was only one positive case 
during the course of the trial—in the control group. 

It might be worth continuing the therapy for 
a longer period of time and selecting the cases 
differently so as to include only the young ones 
which were advancing rapidly. 

Dre. G. W. Putiirs, Weirton, W. Va.: I 
should like to hear some more about the factor 
of chronic bronchitis in the production of symp- 
toms and disability in patients with simple pneu- 
moconiosis and the factors in the production of 
chronic bronchitis. 

Of the patients who do not smoke, what per- 
centage have chronic bronchitis in Dr. Waterman’s 
series of cases? 

Dr. WateRMAN: I think that chronic bronchitis 
serves aS a common denominator for a large 
group of pulmonary conditions. In addition to 
chronic bronchitis per se, bronchitis is found asso- 
ciated with various other diseases such as chronic 
pulmonary emphysema, asthma, silicosis, coal 
workers’ pneumoconiosis, and a number of other 
pathologic chest conditions. Bronchitis is the dis- 
ease which produces the symptoms of infection, 
such as cough and sputum, and which augments 
the dyspnea present in these diseases. 

I would say, as far as the coal workers are 
concerned, that probably all of them who are 
working in a dusty atmosphere have some bron- 
chitis. Perhaps our figure of incidence ought to be 
100% instead of 76%, since we can assume that 
almost all of these miners are exposed to irritative 
factors. When we first became interested in the 
question of therapy, we became aware of the fact 
that a much higher percentage of miners had 
appreciable bronchitis than we had first thought. 
It is our feeling that the question of bronchitis 
has probably been grossly under estimated in these 
persons. 

Actually, we feel there are a number of factors 
which cause the bronchitis. One is dust in the 
atmosphere, certainly, both coal dust and rock dust, 
and another is noxious fumes of various sorts. 
Another very important factor, we feel, is smoking. 

We take these poor fellows completely off 
smoking, thus depriving them of practically the 
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last pleasure they seem to enjoy, because it is one 
factor that can be controlled, whereas the others 
frequently cannot be. It has been our observation 
that the patients who do stop smoking have much 
better results, both immediately and on a long- 
term basis. Hence, we feel it is most worth while 
to request that all smoking be stopped, since the 
therapy is thus rendered more effective. 

I should like to reemphasize that we treat many 
of these patients with positive-pressure breathing. 
We particularly like the Halliburton machine and 
feel that it provides an effective means of deliver- 
ing both aerosol antibiotics and bronchodilators 
to the bronchial tree. 


Dr. SANDER: Dr. Princi, would you like to add 
to that? 

Dr. Princt: I am not certain I have anything 
to add except that our greatest problem, of course, 
is the troublesome term “bronchitis.” There are 
degrees of bronchitis, and there are all types of 
bronchitis. 

We are uncertain not only of the incidence of 
bronchitis itself but also of the relationship between 
this incidence and the existence of exposure to 
other materials outside the mine, such as gases 
and fumes. 

Our biggest problem is establishing criteria for 
purposes of treatment and for the diagnosis of 
bronchitis. We merely consider the fact that there 
are increased secretions with increased tenacity and 
that they are producing some ailment which we call 
bronchitis. We do not know whether metaplasia 
is produced. There are several studies going on in 
the United States to determine the incidence of 
metaplasia and its relation to cigarette smoking 
and cancer. So we are not the only ones disturbed 
about the method and manner in which bronchitis 
is diagnosed. 

Dr. SANDER: It appears that the matter of 
cigarette irritation has not been sufficiently studied. 
A survey of nonsmokers versus smokers in coal 
miners, relating cough to category of dust deposit, 
might have some value. Dr. Gilson, do you have 
any information on this point? 

Dr. Grtson: I do not have the figure in my 
head, but we have made a study of smoking dur- 
ing the course of investigating factors affecting 
pneumoconiosis. Simple pneumoconiosis is not re- 
lated to smoking; bronchitis is to a small extent. 

Dr. Epwarp Lesowitz, Pittsburgh: In the dis- 
cussion of one of your slides you mentioned a 
condition such as cancer, tuberculosis, and fibrosis, 
using a figure of 24%. In the clinical study which 
you did, particularly with regard to tuberculosis, 
what criteria did you use to establish the diag- 
nosis? Was it by x-ray, bronchoscopy, or what? 

Dr. WatTeRMAN: As I mentioned before, we 
tried to eliminate all proven cases of tuberculosis 
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from the study itself. Needless to say, all of the 
patients admitted on the chest service had x-rays 
and, if tuberculosis was a possibility, sputum 
smears and cultures. Practically all of this latter 
group had bronchoscopy. with bronchial lavage if 
necessary. We did not make a diagnosis of 
tuberculosis on any of these patients until we had 
bacillary confirmation, in other words, positive 
sputum, gastric culture, or bronchial lavage. 

We saw many patients with massive pulmonary 
fibrosis whom we thought might have tuberculosis 
but on whom we could not get positive sputum 
examinations, just as Dr. Gilson pointed out. He 
has shown that 40% of the persons with massive 
fibrosis will, at autopsy, have bacteriologic evi- 
dence of tuberculosis either by direct smear or by 
culture. We had many patients with massive 
fibrosis who undoubtedly were in this group that 
might be proven tuberculous eventually. 

The other 60% are the ones who particularly 
excite my interest. I suspect that there is a high 
percentage of nontuberculous infection as an 
etiological factor in the fibrosis, although it is a 
dificult thing to prove. 

Dr. Harry Tesrock, New York: It has been 
reported, Dr. Princi, from this area, as well as 
from certain sections of Pennsylvania, that lung 
tissue samples at autopsy in coal workers revealed 
an amount of beryllium. The amount found in 
these tissues will vary from 0.16 to as high as 
1.65. I would like to know, Dr. Princi, what 
evaluation you place upon the figures of this 
character. Of what significance does beryllium 
have in coal workers? 

Dr. Princr: I am not certain that we are in a 
position to answer that question with any serious 
degree of intelligence. Those are significant levels 
of beryllium, admittedly, but, by definition, the 
disease berylliosis is one in which there is not 
only beryllium present in the lung but a specific 
anatomic finding which apparently has not yet 
been reported in any of the reports that I have 
seen among the workers. 

At best, I would suggest, therefore, that the 
influence of beryllium is not known. I would, in 
addition, however, add that I do not see any 
essential difference between the types of lesion that 
are seen here and those that are seen elsewhere, 
where the amounts of beryllium are practically 
negligible. Of course, beryllium is present every- 
where in different quantities. It is greater in this 
area. 

I am not even certain that we know that the 
incidence of sarcoidosis is greater here than in 


_ the rest of the country. Certainly I have no in- 


formation to show that sarcoidosis is more 


prevalent. 
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Dr. Apert D. Kistin, Washington, D. C.: On 
the question of beryllium, I should like to pass 
on some information that came out of the Saranac 
meeting. Dr. Hardy pointed out, as 1 understood, 
that beryl ore miners apparently do not develop 
pulmonary lesions resembling those produced by 
beryllium exposure, nor do they develop any which 
can be attributed to beryl per se. It should also 
be noted that analyses of coal reveal only beryl 
and not beryllium. The figures Dr. Tebroch quoted 
have been reviewed, and there is some question 
as to whether they refer to beryl or beryllium 
found in the lungs of coal miners. In any event, 
the beryl content of coal is considerably less than 
would be found in the beryl mines. 

Dr. Hardy also pointed out that as long as the 
beryllium content of alloys is less than 2%, and 
less than 3% in fluorescent lights, it does not 
seem to cause any trouble. 


It would seem to me, from this conversation 
with Dr. Hardy, that the beryl content of coal 
would have little or no etiological influence inso- 
far as coal workers’ pneumoconiosis is concerned. 

Dr. Lesowitz: We are not sure about that. It 
may be an ion. It has never been established 
that tiis is pure beryl. We may be dealing here 
with a long-term latent period, the disease entity 
of berylliosis. 

Dr. SANDER: Maybe the coal dust prevents the 
beryllium from becoming a sensitizer. 

Dr. W. B. Wet, Birmingham, Ala.: With re- 
gard to the beryllium disease of coal workers, one 
of the outstanding phenomena is the so-called 
neighborhood cases in which people who have 
active exposure in their work to beryllium may 
get the disease from exposures of a secondary 
nature. In other words, the worker comes home; 
his wife washes his clothes, and she gets the 
beryllium disease. 

It would seem to me that there might be com- 
plicated pneumoconiosis in the coal miners’ wives 
if beryllium were active. I think there would 
be some manifestation of the neighborhood case 
if that were true. 

Dr. Mitton Levine, Bellaire, Ohio: Dr. Water- 
man, in your listing of 19% silicosis you used that 
as an all-inclusive term. Was there an attempt 
made in the listing of these cases to break them 
down into coal miners’ pneumoconiosis? That is, 
the pneumoconiosis of soft coal miners and sili- 
cosis, or a combination thereof? Has there been 
any attempt to give miners antibiotics prophy- 
lactically, the same way we give them to patients 
with rheumatic fever? 

Dr. WATERMAN: I might say that this 19% 
incidence does not. include coal workers’ pneu- 
moconiosis but only silicosis per se, with the 
classical x-ray findings of nodulation, confluence, 
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or conglomeration described in the silicosis classifi- 
cation used in this country. Undoubtedly the figure 
would be greatly increased if the international 
classification were used, so as to include coal 
workers’ pneumoconiosis. The purpose of our re- 
review of all the films of these patients is to at- 
tempt to establish better diagnostic criteria of 
coal workers’ pneumoconiosis. 

In answer to the second part of your question, 
I am inclined to be a bit leery of this type of 
therapy, and I think that antibiotics have been 
overused greatly in such fashion. Our bacteriol- 
ogists assure us that the quickest way to build up 
resistance through mutation in bronchitis patients 
is to use prophylactic antibiotic therapy. I have 
seen some bad results from it and believe it is 
preferable to use intensive short courses of anti- 
biotics. 

Dr. Bruce JoHNsoN, Birmingham, Ala.: I 
should like to ask Dr. Waterman one question. 
In these cases where you used antibiotic aerosol 
therapy, have you used any methods to screen out 
penicillin-sensitive persons or other reactors to 
prevent reactions? 

Dr. WATERMAN: Yes, we always, of course, ask 
the patient if he has had any of these antibiotics 
before. But, by and large, the reactions from 
aerosol antibiotics have not been severe. We 
have had a few, but they are very decidedly in 
the minority, and we have never had a severe 
reaction. 

Dr. RayMonp Lantos, Johnstown, Pa.: Dr. 
Gilson mentioned that the confluent type of pneu- 
moconiosis occurred only in those with sufficient 
simple pneumoconiosis. Therefore, it would appear 
that if we could get to the miners while they 
still had the Category 1 classification, we would 
be able to remove the lesions, possibly preventing 
the progression, since medication had difficulty 
getting to these areas because of the fibrosis. Do 
you feel that there should be a lobectomy in the 
treatment of these more or less localized regions? 

Dr. Gitson: I am not quite clear whether there 
wasn’t a misunderstanding of the original hypothe- 
sis. We find that complicated pneumoconiosis 
progresses whether or not the patients work under- 
ground, and that includes patients with the earliest 
A shadows, the earliest detectible localized 
shadows. 

I have mentioned our experience of treatment 
by antituberculosis chemotherapy. 

We have considered lobectomies in a few of 
these persons. In fact, I know of only one or 
two that actually have been done. The difficulty 
is that very many of the patients, by the time 
they appear in the hospital (because these persons 
have very few symptoms at that stage), often 
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have bilateral lesions. However, | think that is an 
important point and one which ought to be ex- 
plored further, because we know that the radio- 
logical progression rate of people with Category 
A shadows is about 10% per annum. 

Dr. WATERMAN: I do not want to let a medical 
man answer all of the surgical questions. I want to 
make a comment about the question of lobectomy. 

Our experience has been about the same as Dr. 
Gilson’s. I might point out that these fibrotic 
lesions, however, are not unlike tuberculosis and, 
of course, they may be tuberculosis. 

You do not cure tuberculosis by removing one 
part of the lung. You simply remove the main 
focus, and the patient takes care of the rest of it. 


The same thing is true with these. I do not 
think we would prevent progression by removing 
a localized area of fibrosis. I think there would 
be enough trouble: elsewhere that the disease 
would progress. 

We have removed by either segmental resec- 
tion or lobectomy several lesions on the suspicion 
that they were malignant. Certainly we have not 
seen any striking improvement in cure because of 
the removal. 
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Perhaps the title on the program may be 
a little misleading, for I propose to tell you 
something of our studies of the relationship 
of disability to age and x-ray category 
among miners and ex-miners with and with- 
out pneumoconiosis, and our studies are not 
entirely limited to South Wales. 

What index or indices of disability should 
we use? And with what standards should 
we make the comparisons? These questions 
are more difficult to answer, in my opinion, 
than is often supposed. I suggest that there 
are several indices which are worth investi- 
gating. 

I suppose most of us would agree that 
mortality is an extreme form of disability. 
The figures for the total deaths in Great 
Britain from silicosis and pneumoconiosis 
for coal mining from 1940 to 1952 have 
recently been published by McLaughlin.' 
The numbers have been rising progressively. 
As the total number of miners during this 
period has remained approximately constant 
(between 700,000 and 600,000), the rates 
will approximate the same form of curve. 
But one has to be careful in interpreting 
such figures. For example, perhaps the 
mortality from coal workers’ pneumoconio- 
sis may rise in this country after this con- 
ference! If this should occur, one might 
suspect that at least part of the rise was a 
change of diagnostic standards ! 

I have, however, some other mortality 
figures derived from Cochrane’s surveys ? 
which give, for the first time, standard mor- 
tality rates (S.M.R.) related to x-ray 
category of pneumoconiosis (I. L. O. classifi- 
cation) and provide a comparison with non- 
riiners living in the same community. The 
Submitted for publication Feb. 10, 1957. 
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figures (Table) apply to a short period 
(two and one-half years) but have the ad- 
vantage of being related to almost the whole 
of a defined and x-rayed population. The 
S. M.R.’s for the nonminers, miners, and 


Standardized Mortality Ratio for Nonminers, 
Miners, and Ex-Miners With and Without 
Pneumoconiosis in the Rhondda Fach 


Miners and Ex-Miners 
Category 0 Cat.1,2,3,A Cat. B,C, D 
111.0 138.6 
8.E.£12.3 8.E.+20.2 


Age, Nonminers 
yee 


104.1 
8.E.+19.7 


110.2 
8.E.+10.3 


25-74 


ex-miners with normal films and those with 
Category 1, 2, 3, and A do not differ 
appreciably, whereas the S. M. R. for those 
with Category B, C, and D was materially 
increased. 

Another index of disability is the propor- 
tion of men unemployed. This is not an 
ideal index in a disease of this type, because 
whether a man is unemployed or not is likely 
to be related to whether he is drawing com- 
pensation, and this is in turn related to his 
x-ray category. However, when allowance 
was made for this, we did find, particularly 
in those over 50, a fairly close relationship 
between x-ray category and the proportion 
of men unemployed in the Little Rhondda 
Valley at the time of the first survey. 

The next index 1s more directly related 
to the common symptom in this disease— 
breathlessness exertion. 
Breathlessness can be assessed physiologi- 
cally, with use of some of the tests described 
by Dr. Gaensler, or clinically. 


excessive 


Dr. Hugh-Jones and I * applied a number 
of such tests to a group of nonminers, 
miners without pneumoconiosis, and miners 
with simple and complicated pneumoconio- 
sis. We selected miners purely on the basis 
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Fig. 1—Plan of investigation to study the effect of age and x-ray category of pneumoco- 
niosis on lung function. 
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of age and x-ray appearance, the x-rays be- 
ing selected from more than 1000 films 
coming from various sources—not an ideal 
method of selection, but the best then avail- 
able until a complete population of miners 
and ex-miners had been studied. 

Our method of getting normals was the 
simple one of going to the employment 
agency—the local Ministry offices—and ask- 
ing to employ some persons for the day, 
and we would pay the standard trade union 
rates. When they came to the laboratory 
their work consisted of doing a number of 
simple lung-function tests. 

Figure 2 shows the results for the total 
lung capacity. I won’t go into them in great 
detail, but you see that the percentage of 
the residual air increases strikingly with age 
in all groups. 

The total lung capacity decreases with 
increasing x-ray abnormality, and even the 
miners with advanced complicated (Cate- 
gory D) pneumoconiosis did not have, on 
the average, a very high residual air ratio. 


Figure 3 shows the results of a stand- 
ardized exercise test at the top and maxi- 
mum breathing capacity at the bottom, in 
both cases related to x-ray category. The 
actual work level in the step test was kept 
constant by adjusting the height of the 
step (and the rate of the stepping) accord- 


ing to the subject’s weight. The average 
increase in pulmonary ventilation for the 
miners with the most advanced radiological 
changes was only about 25% above the 
normals. It does not, therefore, seem likely 
that the increased breathlessness in this 
group is caused by increase of ventilatory 
requirement on exercise. 

The maximum breathing capacity changes 
are much more striking. 

Figure 4 shows the results of combining 
the exercise ventilation tests with the maxi- 
mum breathing capacity. The exercise ven- 
tilation is expressed as a percentage of the 
maximum breathing capacity. This index 
is very similar to the one Dr. Gaensler has 
mentioned, and in this study it was the one 
which most closely related to the indepen- 
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dent clinical assessment of breathlessness. 
The correlation between the two was vir- 
tually the same as the value shown on Dr. 
Gaensler’s slide for his similar comparison. 


The Figure shows that there is no close 
relationship between dyspnea and category 
of simple pneumoconiosis, whereas in com- 
plicated pneumoconiosis the severity of 
dyspnea clearly increases with increasing 
radiological abnormality. In all groups of 
miners, including those without pneumo- 
coniosis, there was a rather steeper increase 
of dyspnea with age than in the nonminers. 
The group of miners aged 55 with Category 
3 simple pneumoconiosis was on the average 
appreciably more breathless than any other 
group of men with simple pneumoconiosis. 

Our groups in this study were small and 
were not selected truly at random from a 
whole community of miners and ex-miners, 
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Clinical 
(4 arbitrary grades) 


Fig. 4.—Comparison of a physiological iné.x of dyspnea—ventilation required for a stand- 
ardized work level (350 kg/meter/minute) expressed as a per cent of the M. B. C 


—and a 


clinical grading of dyspnea. There are 10 normal subjects in each age block and 8 in all the 
blocks of miners except Cat. D aged 35, in which there were 6. NM refers to miners without 


evidence of pneumoconiosis. 


and we were therefore not quite sure that 
the results demonstrated the true relation- 
ship between the physiological index of 
dyspnea and x-ray category of simple pneu- 
moconiosis. Also, there was the interesting 
finding, shown most clearly in Figure 3, 
that the ventilatory capacity of the non- 
miners was on the average higher than that 
of the group of miners without any radio- 
graphic evidence of pneumoconiosis. 

During the last two years, we have been 
attempting to establish on more representa- 
tive and larger samples of miners, ex- 
miners, and nonminers the real relationship 
of x-ray category and ventilatory capacity. 

We have been using the timed vital capac- 
ity apparatus introduced by Dr. Gaensler. 
We measure the volume of gas expelled in 
0.75 second when the subject is asked to 
expire forcibly (starting at a full inspira- 
tion). 

We have expressed the results in liters/ 
minute, by multiplying the volume by 40, 
in the way suggested by Kennedy.* In this 
form it may be regarded as an indirect 
measure of maximum breathing capacity or, 
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as we prefer to call it, maximum voluntary 
ventilation (M. V. V.). A direct compari- 
son of maximum voluntary ventilation and 
the timed vital capacity in more than 200 
miners showed a very close relationship 
between the two. The timed vital capacity 
is easier to do and in our experience is 
rather more repeatable than the M. V. V. 

We have used this test on a group of 300 
miners applying to the Board for compen- 
sation for pneumoconiosis—in this group 
the average M. V. V. increased with x-ray 
category of simple pneumoconiosis. In an- 
other group—the working population of 
miners in a colliery in Lancashire—the 
reverse was observed: Those with Category 
3 simple pneumoconiosis had a lower aver- 
age M. V. V. than miners without pneumo- 
coniosis. 

We thought these conflicting results must 
be the result of bias introduced by the 
method of selecting our groups. We there- 
fore decided to study, if we could, random- 
ly selected samples representative of the 
whole community. 
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Three such samples have now been stud- 
ied—two drawn from the population sur- 
veyed by Dr. Cochrane in the Little 
Rhondda and one from a town in Lanca- 
shire.® In all three groups, 90% or more 
of the men asked to come for the test and 
answer a questionnaire about their respira- 
tory symptoms agreed to help us. 


The results for the three random samples 
agreed well. In the age group 55 to 64, in 
which we have been most interested, the 
average ventilatory capacity (M. V. V.) of 
the nonminers is significantly higher than 
that of the miners without pneumoconiosis. 
Surprisingly, the miners with Category 1 
simple pneumoconiosis have always shown 
a higher average M. V. V. than the miners 
without simple pneumoconiosis (in this age 
group). There is then a small average fall 
of M. V. V. from Category 1 to Category 
3. The results for the survey in Lancashire 
are shown in Figure 5. The observation 
that miners and ex-miners without simple 
pneumoconiosis have a lower M. V. V. than 
those with Category 1 is in accord with the 


figures presented by Dr. J. E. Martin Jr. at 
the meeting last week in Chicago. Similar 
findings have been reported elsewhere. The 
explanation is not yet clear. 


I suspect that there are two factors op- 
erating. I think that by selecting people on 
the basis of x-ray appearance of pneumo- 
coniosis one has, in fact, also selected to 
some extent more able-bodied men, because 
we know that the miners who have evidence 
of simple pneumoconiosis are the men who 
have worked longest on the coal face and 
that this is probably the hardest work under- 
ground. Therefore, if simple pneumoconio- 
sis had no effect on ventilatory capacity you 
might expect (in the older age group) to 
have a more able-bodied group among those 
with simple pneumoconiosis. 

However, we also have some evidence 
that in the younger ages simple pneumo- 
coniosis does have a small effect on ventila- 
tory capacity. Thus these two factors might 
give the result we find. This is only a 
suggestion, and there must be others. 


Gilson 


Figure 5 also shows that the lowest 
M. V. V. values were usually associated 
with “chronic bronchitis.” We wouldn’t all 
agree, I expect, on a definition of chronic 
bronchitis, but for the purposes of this 
comparison I am referring to those men 
who had sufficiently severe respiratory epi- 
sodes, during the previous three years be- 
fore we saw them, to be off work because 
of these episodes, and, in addition, had 
cough and persistent expectoration which 
increased in quantity at the time of an 
episode. The Figure shows that there were 
more cases of bronchitis among the miners 
without pneumoconiosis than among the 
nonminers—about twice as many; there 
were also about double the number of men 
with an M. V. V. (indirect) below 50 
among the miners without pneumoconiosis 
compared with the nonminers. I was inter- 
ested to note that Dr. Gaensler also men- 
tioned this value of 50 liters per minute 
as the level below which material disability 
resulting from breathlessness would be ex- 
pected. 

These investigations are, I think, inter- 
esting. First, they do in general add 
validity to the x-ray classification described 
this morning, but they also emphasize that 
the x-ray appearance is not the whole story. 
They have tended to confirm the common 
medical impression that an undue proportion 
of elderly miners and ex-miners were dis- 
abled by chronic respiratory insufficiency 
associated in some cases with chronic re- 
spiratory infections. However, the studies 
are by no means complete. We do not know 
the factors responsible for producing this 
disability. In hopes of eliminating and 
elucidating some of these, my colleague, 
Dr. A. L. Cochrane, has started a survey 
in an agricultural community—a survey 
comparable in many respects with the one 
in the Little Rhondda. 


One factor we have already investigated 
is the relation of coronary artery disease 
to the ventilatory capacity in a group of 
miners and ex-miners aged 55 to 64. There 
was a clear negative correlation. The aver- 
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age M. V. V. was higher in those with clin- 
ical and ECG evidence of cardiac disease 
than in those with pneumoconiosis or bron- 
chitis. Thus it does not appear likely the 
cause of the breathlessness in these groups 
is due to coronary artery disease. 


Summary 


Simple pneumoconiosis of coal-workers 
is not, on the average, a cause of severe 
disability, nor is the degree of breathless- 
ness closely related to the x-ray category. 
Simple pneumoconiosis in itself is not a 
cause of.increased mortality. 

Complicated pneumoconiosis is, on the 
average, a cause of appreciable disability. 
The degree of breathlessness is related to 
x-ray category. Complicated pneumoconio- 
sis also produces a striking acceleration of 
the normal increase of breathlessness with 
age. It is also a cause of increased mor- 
tality. 

In the fifth and sixth decades miners and 
ex-miners without x-ray evidence of pneu- 


Gilson 


moconiosis were on the average more dis- 
abled from respiratory symptoms and 
breathlessness than nonminers in the same 
community. The reason for this needs fur- 
ther study. 
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Breathless Coal Workers as Seen at the Golden Clinic 


J. E. MARTIN JR., M.D., Elkins, W. Va. 


At the Golden Clinic our approach to the 
coal miner is somewhat different from most 
of those presented so far today. We see 
the coal miner as a patient with certain 
troubles for which he wants relief. Coal 
miners that we have studied come from 
northeastern West Virginia, southwestern 
Pennsylvania, and western Maryland. These 
miners come because they have respiratory 
difficulties or other medical problems, be- 
cause they have been found elsewhere to 
have abnormal chest x-rays, or because of 
the surgeon’s desire for a preoperative esti- 
mate of their ability to withstand surgery. 

The study of each miner includes medical and 
industrial history and physical examination. Lab- 
oratory examinations routinely consist of urinalysis, 
complete blood cell count, sedimentation rate, de- 
termination of nonprotein nitrogen and _ blood 
sugar, and examination of at least three sputum 
specimens for tubercle bacilli. Other laboratory 
studies are done as indicated. Each has a 13-lead 
electrocardiogram. Chest x-rays consisting of 
posteroanterior films taken in inspiration and ex- 
piration and a lateral film are made. Respiratory- 
friction studies consisting of determination of 
maximal breathing capacity, vital capacity, and 
three-second timed vital capacity, with use of a 
13 liter Collins respirometer, are made. These are 
usually done on several different days. 

Findings on routine physical examination, 
in general, are not different from those in 
other hospital patients, except that more 
miners seem to have significant restriction 
of respiratory excursion of the chest. Only 
rarely is an electrocardiogram found show- 
ing evidence of right ventricular strain or 
hypertrophy. Laboratory examinations are 
not much different from those found in 
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other hospital patients. Chest x-rays have 
been classified according to the criteria and 
nomenclature established by the Pneumo- 
coniosis Research Unit of the Medical Re- 
search Council of England.’ In general, 
this classification has been applicable to 
soft-coal miners of this area. A-few films 
have been found which show abnormalities 
that do not readily fit into this classification. 
Standard x-ray films of coal workers’ 
pneumoconiosis supplied by the Pneumo- 
coniosis Research Unit have been found 
to be essential to the utilization of this 
classification. Many of our films have been 
read by three different British workers and 
one French worker. They have agreed that 
x-ray changes seen in American soft-coal 
workers are very similar to those seen in 
coal workers in their countries. 

Figure 1 is a chest x-ray of a 79-year-old miner 
who had started work underground at the age of 
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16. He had worked there hand-loading coal for 
more than 50 years. In 1945 he suffered a broken 
leg and because of this quit working. Respiratory 
symptoms consisting of moderate exertional dysp- 
nea, a little wheezing, and moderate cough pro- 
ductive of variable amounts of sputum started at 
about age 70 years. He first entered this hospital 
for treatment of a chronic ulcer of the left heel. 
Significant abnormalities found on physical: ex- 
amination included hypertension (blood pressure 
200/90), marked restriction of movement of his 
chest, and a few expiratory wheezes. His chest 
x-ray shows massive conglomerates in both upper 
lobes on a background of generalized nodulation. 
There was a cavity, 3 cm. in diameter, in the mass 
below the right clavicle when he was first seen. 
This appears to have closed. Although his tuber- 
culin test is strongly positive, many examinations 
and cultures of his sputum on different hospital 
admissions have failed to demonstrate tubercle 
bacilli. His maximal breathing capacity was 30% 
of the estimated normal; vital capacity, 1.2 liters, 
and three-second timed vital capacity, 100%. 
Figure 2 is a chest x-ray of a 48-year-old coal 
miner who had worked underground for 28 years. 
He had driven a motor for 18 years. For about 
10 years he had noticed some shortness of breath 
when he walked fast on the level. For five or six 
years there had been wheezing only when he had 
an upper respiratory infection or in damp weather. 
There had been considerable frontal headache and 
clear nasal discharge. There was aching of his 
wrists and hands in cold weather. Physical ex- 
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amination showed a moderately obese man who 
did not appear ill, There was slight restriction of 
respiratory excursion of the chest. The breath 
sounds were normal. The cardiovascular system 
was not remarkable. This chest x-ray shows wide- 
spread bilateral nodulation. On his first examina- 
tion, in 1953, maximal breathing capacity was 107% 
of the estimated normal; vital capacity, 5.2 liters, 
and three-second timed vital capacity, 94%. Since 
then, he developed muscular dystrophy, and he had 
to stop working in 1955. At that time, maximal 
breathing capacity was 91% of the estimated nor- 
mal; vital capacity, 5.0 liters, and three-second 
timed vital capacity, 96%. 

Respiratory-function studies consisting of 
maximum breathing capacity, vital capacity, 
and three-second timed vital capacity esti- 
mated with a 13 liter Collins recording 
spirometer are made. All these determina- 
tions have been made by one technician, 
who has had more than seven years’ experi- 
ence. Disability, as estimated clinically, due 
to. respiratory disease has been correlated 
with respiratory function determination by 
Motley and others.* In general, decreasing 
maximal breathing capacity and vital capac- 
ity is associated with increasing disability. 
Maximal breathing capacity varies with age 
and body surface area. Estimated normal 
maximal breathing capacities for each pa- 
tient were calculated with a formula devel- 
oped by Motley.* This formula involves 
age, height, weight, and sex. For conveni- 
ence, the maximal breathing capacity deter- 
mination for each person is expressed as 
per cent of his estimated normal maximal 
breathing capacity. Thus, a man whose 
actual maximal breathing capacity is 75 
liters per minute and whose predicted nor- 
mal is 150 liters per minute is said to have 
a maximal breathing capacity 50% of the 
estimated normal. A maximal breathing ca- 
pacity of more than 80% of the estimated 
normal is considered to be normal; from 
55% to 79% represents moderate disabil- 
ity; 35% to 54% represents advanced dis- 
ability, and less than 35% is considered to 
represent far-advanced disability. 

Approximately 230 miners were studied 
as outlined above in 1954. Slightly less than 
20% of these had significant heart disease 
other than right heart strain or right ven- 
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Taste 1—Maximal Breathing Capacity (MBC) 
Found in Various Categories of Coal 
Miners’ Pneumoconiosts 


MBC, % of Estimated Normal, 
No. of C 


ases 
X-Ray Total 
Category * <35% 35%-54% 55%-79% 80%+ Cases 


0 4 1 
1 11 15 
2 “4 24 
3 6 
PMF 3 


Total 24 38 


* X-ray categories are those established by the Pneumoconio- 


sis Research Unit. 


tricular hypertrophy. Less than 2% had 
tubercle bacilli demonstrable in their spu- 
tum. Carcinoma of the lung was diagnosed 
in slightly less than 2%. These cases are 
not considered further in this paper. 

Table 1 shows maximal breathing capac- 
ity values, expressed as per cent of esti- 
mated normal, found in men with various 
degrees of abnormality of the chest x-ray. 
In the first vertical column to the left are 
listed the categories of x-ray changes as 
proposed by the Pneumoconiosis Research 
Unit! Across the top are various grades 
of disability as indicated by maximal breath- 
ing capacities found in these patients. Val- 
ues are given for 163 miners who had 
worked more than 10 years under ground 
and who had no significant disease other 
than that related to the respiratory system. 
Inspection of this Table shows that all 
degrees of disability occur in all categories 
of x-ray change. Respiratory function im- 
pairment occurring in coal miners showing 
little or no detectable x-ray change (Cate- 
gory 0 or 1) has been noticed and discussed 
by other investigators.* In this group of 
163 miners 67 had chest x-rays showing 
little or no x-ray change. All grades of 
respiratory function are found in this cate- 
gory. In those with advanced x-ray changes 
(Category PMF) normal function as well 
as various degrees of respiratory-function 
impairment were found. It is obvious that 
respiratory function cannot be estimated by 
inspection of a chest x-ray. 

There is no cure for pneumoconiosis or 
pulmonary emphysema, but these patients 
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can be markedly improved by treatment. 
We urge these patients to be up and around 
as much as possible. Nonrespiratory dis- 
orders are treated as in other patients. Be- 
cause many of these men have evidence of 
infection (yellow sputum, increased sedi- 
mentation rate, or low-grade fever) when 
they enter the hospital antibiotics are used 
frequently. We prefer intramuscularly ad- 
ministered penicillin. Potassium iodide 
solution N. F. in dosage of 10 drops (0.6 
ce.) three times a day is used almost to 
the exclusion of other expectorants. Bron- 
chial dilators such as ephedrine by mouth 
or epinephrine by hypodermic injection are 
given occasionally. An occasional patient 
seems to obtain significant relief, particu- 
larly during the night, from aminophylline 
given rectally. . 


Isoproterenol (Isuprel) administered by 
nebulization and intermittent positive-pres- 
sure breathing seems to give most relief. 
Intermittent positive-pressure breathing is 
given with the Mine Safety Appliance 
Company or a Halliburton apparatus using 
oxygen at a pressure from 16 to 20 cm. 
of water. Eight drops (0.5 cc.) of 1:200 
solution of isoproterenol hydrochloride 
mixed with eight drops of water are nebu- 
lized over a period of about 20 minutes and 
given with intermittent positive-pressure 
breathing. Two to four or more such treat- 
ments are given daily. Only rarely does 
the patient allege no subjective improve- 
ment on this regimen. Clinical evidence of 
improvement is almost always seen. Cyano- 
sis disappears; dyspnea, wheezing, and 
cough lessen. The character and amount of 
sputum change. Appetite improves. The 
patient often gains a few pounds of weight 
during his hospitalization. Improvement 
may last i-om a few days to many months. 
Usually, sympioms return or are markedly 
accentuated following an acute upper re- 
spiratory intection. We believe that the 
addition of intermittent positive-pressure 
breathing to our treatment cf these patients 


has brought distinct improvement in the 
results. 


Vol. 15, June, 1957 


= = = 
29 
38 
50 
18 
28 
| 
| 
| 
= 


BREATHLESS COAL WORKERS 


TABLE 2.—Results of Therapy with Intermittent Positive-Pressure Breathing and 
Tsoproternol 


MBC 


Change After Therapy,t No. of Cases 


MBC Before 


Increase 


Therapy,* % 


1%-9% 


10%-29% 30% 49% 50%-79% 
7 


9 
12 


28 


+ Change after therapy expressed as per cent of pretherapy value. 


In Table 2 are presented the results ob- 

tained in 207 patients treated with inter- 

mittent positive-pressure breathing with 

isoproterenol. This Table includes patients 

with and without x-ray evidence of pneu- 

moconiosis. Maximal breathing capacity 

(expressed as per cent of estimated normal) 

is indicated in the first vertical column. 

Change in maximal breathing capacity 
(MBC) found after treatment (expressed 
as per cent of pretreatment MBC, per cent 
of estimated normal) is found in the col- 
umns to the right of “Total.” The number 
of patients showing each degree of change 
is found in the body of the Table. Twenty, 
or about 10%, showed decrease in maximal 
breathing capacity. Twenty-five showed 
from 1% to 9% increase; sixty-eight had 
an increase of from 10% to 29%, and 
ninety-four, or 45% of the group, had in- 
creases of more than 30%. I am not at all 
certain what represents a critical increase 
in maximal breathing capacity. It would 
seem reasonable to assume that an improve- 
ment of more than 30% is_ significant. 
Many of the men whose increase falls in 
the 10% to 29% group appear to be much 
better. Perhaps the critical level of im- 
provement varies from patient to patient. 
Since our primary concern has been the 
treatment of the individual patient and not 
the appraisal of various types of therapy 
and because results seemed so much better 
after we started using intermittent positive- 
pressure breathing, we have not felt justi- 
fied in withholding this from patients in 
order to run a control series, 
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* MBC before treatment expressed as per cent of estimated normal. 


A few side-reactions to this type of 
treatment have occurred. Some patients 
complain of increased nervousness, “jitteri- 


ness,” and palpitation. This is almost 
always prevented by nebulizing the isopro- 
terenol at a slower rate. Some patients 
complain of diffuse chest pain in the early 
days of their treatment. This almost always 
disappears with continued treatment. We 
have seen no significant hemoptysis nor 
worsening of the cardiovascular status fol- 
lowing this treatment. No cases of carbon 
dioxide narcosis have occurred. It appears 
that intermittent positive-pressure breathing 
with isoproterenol is a safe and effective 
means of therapy in chronic respiratory 
difficulties. 

From our studies the following conclu- 
sions seem evident: 

1. A disease identical with or very similar 
to coal workers’ pneumoconiosis as decribed 
by the British investigators occurs in Amer- 
ican soft-coal miners. 

2. The Pneumoconiosis Research Unit 
classification of chest x-rays can be applied 
to chest x-rays of American  soft-coal 
miners. 

3. This disease may be accompanied by 
disability. 

4. The symptoms of this disease may be 
effectively treated by intermittent positive- 
pressure breathing with isoproterenol. 
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Some Considerations on Dust Control in 


Coal Mining 


LAWRENCE B. BERGER, Pittsburgh 


Studies of the hazards and effects of ex- 
posure to dusty atmospheres in industry 
probably have received as much attention 
as any other single subject pertaining to 
occupational health. But, despite the vast 
amount of research in this field, all phases 
of the subject have not been resolved, and 
some points remain controversial. One fact 
upon which agreement is general, however, 
is that control and suppression of dust are 
the first lines of defense in preventing pneu- 
moconiosis, particularly in an industry such 
as coal mining, where dust is an inherent 
byproduct of almost every operation, 

Much has been written on the suppression 
of dust in mining operations; yet review 
of the literature on the subject reveals a 
considerable degree of similarity in the basic 
principles of the methods advocated for dust 
control, Modifications of the practices 
generally recommended are evident in the 
described procedures, but drastically new 
ideas seem infrequent. The fact that pneu- 
moconiosis has not been eradicated from 
the coal-mining industry must lead to the 
conclusion either that many have not profited 
by the experience and advice of those who 
have studied and developed methods for the 
control of dust or that the methods them- 
selves do not, in all cases, achieve the neces- 
sary degree of control. Although in many 
instances sincere efforts have been made 
toward suppressing dust, with marked im- 
provement in ccnditions, it cannot be safely 
concluded that the ultimates in methods for 
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dust control have been reached and that 
efforts toward developing new ideas or 
methods may be relaxed. 

The general purpose of this paper is, 
therefore, to consider the factors involved 
in controlling dust in coal mining and to 
examine the situation in respect to the pos- 
sibility that new ideas or methods might be 
developed to promote dust control. 


Factors Relating to Dust Control 


Certain basic facts generally are agreed 
upon by those concerned with suppressing 
dust in underground operations: 

1. Suppressing dust at the immediate 
source of generation is a prime factor in 
obtaining effective control, 

2, Dust that has escaped suppression at 
the source, and has become air-borne, is 
difficult to remove from suspension, 

3, Application of water in many opera- 
tions is the most practicable means of con- 
trol, 

4. Any direct control method must be 
supplemented by ventilation. 


Operations That May Require 
Dust Control 


In what may be termed the conventional 
method of coal mining the following opera- 
tions are potential producers of dust of 
respirable sizes: 

Drilling, which includes drilling of the coal 
face and in some instances the formations 
above or below the coal seam. 

Cutting, which may involve cutting at the 
bottom or the top of the coal seam or shear- 
ing vertically through the seam. 

Blasting, to break the coal from its posi- 


tion after drilling and cutting, most 
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generally is done in coal mines in this 
country by using conventional explosives 
designed for coal-mine use or bursters 
actuated by compressed carbon dioxide or 
air, 

Loading, by hand or mechanical methods, 
produces dust in amounts depending on the 
method of loading, the nature of the coal, 
and the extent to which dust-control meas- 
ures are applied before and during the op- 
eration. 

Transportation, by cars operated on 
conventional tracks or by trackless haulage, 
as by shuttlecars, may be productive of dust, 
depending on tightness of cars, the extent 
of their loading, and dust-suppressive treat- 
ment before and during transportation. 

While discussing transportation one can- 
not bypass the subject of the reported hazard 
of silicosis from sand used under the 
wheels of mine locomotives to provide trac- 
tion. Sampling of the air from moving 
trips and along haulageways by the Bureau 
of Mines and by others has failed to reveal 
significantly high dust concentrations at the 
breathing zones of motormen and _ their 
helpers in the majority of cases ; yet it seems 
the consensus of those familiar with the sit- 
uation that these employes are particularly 
prone to silicosis. One possible explanation 
for this apparent anomaly is that sand re- 
maining on the rails and ground to sub- 
micron fineness by repeated passage of 
vehicles constitutes a significant exposure, 
but, because of its extremely small particle 
size, has not been properly assessed by the 
sampling methods used to date. 

In addition to those coal-mining opera- 
tions previously referred to as conventional, 
some fairly recent developments in mining 
practice include the continuous-mining type 
of machine, rocf bolting as a means of roof 
support, and some limited experience with 
the coal planer or plow. 

The continuous-mining type of machine, 
which combines the functions of drilling, 
cutting, blasting, and loading into one con- 
tinuous operation, with resultant enormous 
increase in rate of coal extraction, has 
created new problems in dust suppression, 
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not only in respect to dust that remains air- 
borne, causing a potential hazard to health, 
but also as regards visibility at the working 
face and the hazard of explosion from dust 
deposited in return airways, 

Roof bolting, which presents advantages 
from the standpoints of safety and economy, 
has created the problem of controlling the 
dust produced by roof drilling for insertion 
of the bolts; such dust generally is higher 
in free silica content than that produced by 
drilling or cutting the coal face. 

The coal planer, developed in England 
and Germany, shears or cuts the coal di- 
rectly from the solid coal face, with a high 
production rate, and has received some 
limited experimental use in the United 
States. This device necessitates the use of a 
modified long-wall system of mining, which 
is not generally practiced in this country. 
Although we have no quantitative informa- 
tion on the matter, reports are that produc- 
tion of visible dust by the planer is less 
than with conventional methods with com- 
parable rates of production. 


Dust-Control Methods 


Wet Methods.—Because of its availabil- 
ity, low cost, and degree of effectiveness, 
water is the dust-suppressing agent most 
generally used. The proper application of 
water in all coal-mining operations can aid 
in suppressing dust. However, the mere 
provision of water for use at the face and 
at other locations does not guarantee that 
dust will be suppressed effectively. More 
investigation is needed on the mechanisms 
by which water can wet dust particles and 
prevent them from becoming air-borne. 

The use of wetting, or surface-active, 
agents for increasing the “wetness,” or abil- 
ity of water to attach itself to hydrophobic 
coal-dust particles, has been mentioned fre- 
quently, but only a very small fraction of 
the coal mines in the United States 
employ wetting agents as a dust-suppres- 
sive measure in underground operations. 
Reasons reported for this situation are diffi- 
culties encountered in the practical propor- 
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tioning of wetting agent to water and the 
belief among operating personnel that the 
degree of effectiveness obtained in dust 
suppression does not warrant the cost in- 
volved. The wide use of surface-active 
agents with success in other industries sug- 
gests that further study might be done on 
this matter as it relates to dust suppression 
in the coal-mining industry. It should be 
borne in mind, however, that some evidence 
has been presented that aerosols formed 
from concentrated solutions of some con- 
ventional-type wetting agents may be harm- 
ful if inhaled. 

V entilation.—Ventilation is one of the 
most effective means for preventing unde- 
sirable exposure to air-borne dusts. Dust 
particles of respirable size, generated by 
the mechanical operations employed in coal 
mining, do not possess enough kinetic 
energy to project themselves any significant 
distance from their source through the sur- 
rounding air. Therefore, their travel and 
dissemination depend largely on the motion 
and direction of the air into which they are 
projected and suspended. Studies of dust 
production by a given mining operation are 
but partly informative, therefore, unless 
correlated with the ventilation rate in effect 
during that operation. The practice of 
carrying ventilation only to the last open 
cross cut in room and development work in 
coal mining is notably less effective in dust 
removal than carrying ventilation to the 
face in such operations by means of line 
brattice. The relative merits of exhaust and 
pressure brattices in ventilating face areas 
is a matter that might be given further at- 
tention. 

Although face ventilation is important in 
dust control, ventilation rates on haulage- 
ways must be considered from another 
viewpoint, as excessively high rates of air- 
flow on haulageways may cause dust to be 
picked ‘up from loaded cars and become 
air-borne. For this reason, if for no other, 
mine layouts should be planned initially so 
that air velocities in mine airways do not 
become unduly high when subsequent de- 
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velopment of mine workings demands 
greater ventilation quantities. 
Sprays.—Water sprays are  recom- 


mended and used to a considerable extent 
in efforts to suppress dust in cutting, load- 
ing, and transportation in coal mines, but 
their design, location, and operation are 
decided largely by cut-and-try methods. Let 
us consider what a spray of water can do. 
It is generally recognized that a spray will 
not remove dust of significant respirable 
size from the air in which it is suspended 
because of the disparity in size of the dust 
particles and the water particles. A spray, 
then, can be expected to do only two things 
—to wet surfaces, such as the coal face, 
against whicn dust particles may impinge 
and be removed from the air, and to create 
air currents, by entrainment, which will 
carry the dust particles to these wet sur- 
faces. Sprays directed toward dust-produc- 
ing operations, such as coal cutting, seem 
effective only in that they can strike critical 
targets, such as the cutter bits of a mining 
machine or dust particles not yet air-borne, 
by shot-gun action rather than by definite 
design. More study should be given to 
sprays, particularly in respect to their ac- 
tion in generating air currents that trans- 
port dust particles in face regions. 
Dry-Dust Collectors —The advent of roof 
bolting in coal mines, with the attendant 
problem of dust produced by roof drilling, 
forced attention to the application of the 
so-called “dry” dust collector as a means 
of dust control in coal mines. This type 
of collector, which consists in most in- 
stances of the use of local exhaust ventila- 
tion and filtration to collect and arrest the 
dust, is not new in principle but is an inno- 
vation in coal mining. Dry-dust collectors 
are preferable in some respects to wet drill- 
ing in coal mines and are effective in con- 
trolling dust if properly maintained and 
used. Interesting developments in England 
and Germany, and more recently in the 
United States, are rock drills designed to 
withdraw drill cuttings and dust by exhaust- 
ing through a hollow drill steel and to trans- 
port this material to separators and filters. 
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Although developed primarily for percus- 
sion drilling in rock, perhaps this principle 
might be applied in drilling the coal face. 

Water Infusion.—Infusion of coal seams 
with water before mining is practiced in 
England, Australia, and on the continent as 
a means of preventing and allaying dust in 
all phases of the extraction. Limited trials 
of water infusion have been made in the 
United States, but it is understood that the 
procedure is best adapted to the long-wall 
mining method rather than to the system 
of room-and-pillar mining generally prac- 
ticed in this country, with the rapid advance 
of the face resulting from highly mechan- 
ized operations. As water infusion is re- 
ported to be most successful when applied 
to coal containing natural cleats or cleavage 
planes or to coal crushed by weight of over- 
burden, it seems possible that this method of 
dust control might be practiced in United 
States mines in removing pillars in retreat 
operations where the pillars have been sub- 
jected to the crushing action of overburden 
and where the exposed coal has lost its 
natural moisture content and is unusually 
dusty when mined. 

The coal planer, now in experimental use 
in the United States, requires that a long- 
wall method of mining be employed and 
might present the advantage of permitting 
water infusion of the coal seam as a dust- 
prevention measure. 

Pulsed-Infusion Blasting —Experiments 
in England have shown that dust production 
in coal extraction can be markedly reduced 
by the practice of pulsed-infusion blasting. 
The solid coal face is infused with water 
under pressure, and a charge of explosives 
is fired directly in the water confined in the 
drill hole through which it was admitted. 
The initial pressure of the water, plus the 
sudden pulse of pressure produced by the 
explosives, is said to be sufficient to shatter 
the coal to the extent that it may be sheared 
from the long-wall face by the coal planer 
(or plow, as it is called in England) with- 
out previous undercutting, thus eliminating 
a very dusty operation and producing coal 
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that is already wetted before extraction from 
the solid, 


Dust Control and the Continuous-Mining 
Type of Machine 


As previously mentioned, the continuous- 
mining type of machine presents a real 
problem in dust control because of rapid 
extraction of coal and the consequent rate 
of dust production. Also, this type of ma- 
chine cuts the entire coal face indiscrimi- 
nately, and partings or veins of impurities, 
which may contain more free silica than the 
coal, are disintegrated, with production of 
siliceous dust that might be avoided with 
conventional coal-cutting machines. Mul- 
tiple water sprays have been used, with 
varying degrees of success reported, but 
other ideas are being considered for control 
of the dust. It is understood that experi- 
ments now being made by a manufacturer 
of mining equipment promise success in 
applying local exhaust ventilation to entrain 
the dust and an impingement procedure to 
remove it from the exhaust air stream. 
This approach to the problem of dust con- 
trol by the manufacturer of the mining 
equipment is a step in the right direction. 
It seems logical that manufacturers of min- 
ing equipment should consider dust-control 
apparatus a necessary integral part of the 
machines they devise, as in many instances 
the manufacturer is in better position to 
study, design, and install dust-suppression 
equipment than the production force of the 
mining company that purchases the ma- 
chine, 


Dust from Locomotive Traction 
Material 

In a discussion of methods of dust con- 
trol that are in the experimental stage, or 
might be studied, the matter of dust from 
sand used for traction with mine locomo- 
tives presents itself again. Since data de- 
veloped to date by sampling seem to conflict 
with reported results of exposure, it is sug- 
gested that a profitable field of study of 
this problem would include not only more 
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sampling by a method capable of properly 
evaluating submicron particles but also 
study of the pattern of airflow about moving 
locomotives and mine cars, for it must be 
remembered that «lust particles of respirable 
size travel only an infinitestimal distance as 
the result of the mechanical forces that gen- 
erate and expel them and that from there 
on the dust goes where the air goes. It does 
not seem impossible that streamlining in the 
design of some parts of mine haulage ve- 
hicles, to produce less turbulent air flow 
around them, might assist in solving this 
dust problem. 


Dust Sampling 


On the matter of sampling air-borne dust 
a great deal has been said and written, and 
different methods are in vogue in different 
countries, each of which can support the 
value of the particular method in use there. 
Despite these contentions, it is believed that 
any method that provides reasonable evi- 
dence of the presence of air-borne dust of 
significant respirable size is a useful tool in 
the application of dust-control measures. 
The important matter is to collect enough 
samples in repeated surveys to ascertain 
whether or not dust-control procedures are 
effective. A downward trend in dust con- 
centrations on repeated observations, as 
indicated by any recognized method of 
sampling, usually is acceptable evidence that 
control measures are improving. A single 
survey or a few random samples will not 
provide information that is representative 
or statistically sound. Definite need exists 
for simpler apparatus for evaluating air 
dustiness that could be used for control 
purposes by mine operating personnel rather 
than requiring the services of skilled tech- 
nicians, 

Since writing this paper I learned, in the 
last few days, from a report from England, 
that during the year 1953 personnel of the 
Coal Board collected 1,500,000 samples of 
air-borne dust and that more than 300 
people are employed in the field and in the 
laboratory to carry on that work. That is 
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really a definite and ambitious effort to de- 
termine whether dust-control measures are 
being carried out effectively. I do not think 
we can match that record for diligence in 
the United States at the moment. 

One of the most effective tools for achiev- 
ing adequate control of dust in coal mines 
would be provided by more general educa- 
tion on the subject. No program for dust 
control can be expected to succeed unless 
all concerned, from top management down 
through the ranks, are imbued with an atti- 
tude of “dust-consciousness” and are con- 
vinced that dust may be harmful. If one 
scans the voluminous literature on dust, 
very lit’'e is found written in language that 
mig readily understood by most of 
those i. work underground and breathe 
the dust. Management may provide meas- 
ures for controlling dust in their operations, 
but unless the men who are to use this 
equipment are convinced that it is provided 
for their benefit, little will be gained. Some 
down-to-earth lectures and publications on 
the effects of dust, to be given as part of 
safety training, might be helpful. 

The Bureau of Mines has been issuing 
information and advice on dust control in 
the coal-mining industry for many years, 
much of which has been sponsored by our 
present Director, J. J. Forbes, and by Daniel 
Harrington—names well known to the in- 
dustry. To ascertain the extent to which 
these teachings have been heeded, the Bu- 
reau of Mines recently circulated among its 
coal-mine inspectors a questionnaire de- 
signed to develop information on dust-con- 
trol practices in the coal-mining industry. 
Some 3300 replies to the questionnaire were 
received and have been analyzed. In brief, 
the results show that sincere efforts at dust 
control are being made by a considerable 
segment of the industry, that some of these 
efforts appear successful and some do not, 
and that another considerable segment of 
the industry does not seem to be making 
the efforts toward dust control that might 
be desired. Results of this survey will be 
published in the near future. 
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Definite need exists in the United States 
for a medical and environmental survey of 
a large enough segment of the coal-mining 
industry to obtain representative informa- 
tion on the health and environmental condi- 
tions of coal-mine workers. Two such 
surveys, conducted some years ago by the 
'U. S. Public Health Service, produced 
valuable information but were somewhat 
limited in scope, particularly as regards the 
bituminous-coal industry. In respect to such 
information and statistics, the United States 
at present is lagging behind most other coal- 
mining countries. Objectives of a medical- 
environmental survey of the coal-mining 
industry would be to determine the rate of 
incidence of pneumoconiosis, to correlate 
incidence of the disease with environmental 
conditions, to establish with more certainty 
limits of air dustiness to which a coal-mine 
worker might be exposed throughout his 
anticipated working lifetime without the ex- 
pectation of harmful or incapacitating ef- 
fects, and the mining 
operations and occupations needing most at- 
tention in respect to dust control. 

In conclusion, it may be said that dust 
control in coal mining is not a simple matter 
and that by the very nature of the industry 
some of the problems are difficult to solve. 
Coal miners’ pneumoconiosis is a real and 
existent fact in the United States, although 
its extent at present is unknown or at least 
not adequately defined. Other coal-mining 
countries have recognized coal miners’ 
pneumoconiosis as a significant occupational 
disease, bearing on their economic and so- 
cial welfare; have emphasized the need for 
dust control in coal mining, and are search- 
ing for new and improved methods for 
effecting such control. Let us hope that we 
in the United States can obtain more com- 
prehensive information on health and en- 
vironmental conditions in our coal-mining 
industry and be equally alert in the search 
for, and development of, improved methods 
for preventing and suppressing dust in coal 
mining, 
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DISCUSSION 


Dr. Kammer: I have been interested for some 
time in watching the possible development of de- 
tergents as wetting agents that might more ef- 
fectively wet the coal dust, with the thought in 
mind that we have to watch, if this practice ever 
does come about, to be sure that we understand 
the toxicology and the potential harm, that is, the 
toxicology of the compound used and the poten- 
tial harm that might ensue chemically. 

Do you know the general nature of a compound 
or compounds that are being considered? 

Mr. Bercer: As a matter of fact, as far as 
we can ascertain, I do not believe there are more 
than 20 mines in the United States using wetting 
agents, and the identities of those materials are 
covered up by trade names. So we do not know 
their exact chemical nature. 

Dr. Lortn E. Kerr, Washington, D. C.: Is 
there anyone in the United States who is respon- 
sible for supervising or enforcing any regulations 
with respect to dust suppression in the mines, and, 
if so, how is it done? 

Mr. Bercer: Of course, regulatory measures in 
the United States reside both with the States and 
in the Federal Government with the Bureau of 
Mines. Our function, if you want to call it a 
regulatory procedure, is divided into two cate- 
gories: One is the authority for recommendations 
provided under the Federal Mine Safety Code, and 
the other is the Federal Coal Mine Safety Act, 
which gives the Bureau of Mines the right to 
close a mine or have men withdrawn from it, but 
only in the case of imminent danger of disaster. 
The Act does not cover such matters as exposure 
to dust. 

The Code does, however, permit us to call the 
attention of the industry to excessive dust. That 
is about as far as the regulation goes. 

Dr. W. C. Stewart, Charleston, W. Va.: I 
have three questions, two of which are for Dr. 
Gilson. I should like him to answer them one at a 
time, please. Does inhalation of coal dust produce 
pulmonary nodulation as distinct from silicosis? 

Dr. Girson: As I understand the question, it is, 
“Does coal dust produce pulmonary nodulation 
which is distinctive from silicosis?” 

We know that men who have been exposed pri- 
marily to coal dust develop nodulation and when 
the lungs are examined after death the nodules 
have features quite distinct from silicosis, as I 
demonstrated this morning. This is not the same 
as saying that there is no silica in the nodules. The 
petrologists and chemists tell us that there is 
always at least a small amount intimately mixed 
with the coal; some of the silica was there in the 
plants which form the coal. The issue is, does this 
small amount of silica play an ianportant part in 
the formation of the nodules? I doubt it in many 


Vol. 15, June, 1957 


| 

| 

ea 

if 

ia 

= 


DUST CONTROL IN COAL MINING 


cases, but of course, mixed types do occur, and 
you cannot be sure in all cases by looking at the 
x-ray whether the nodules are the result of rela- 
tively pure coal or coal mixed with silica. 

Dr. Stewart: Can inhalation of coal mine dust 
produce a disabling condition as distinct from 
silicosis ? 

Dr. Gitson: I think I have answered that as 
fully as I can. 

Dr. Stewart: There is confusion on one point. 
I am sure you covered it, but would you speak on 
it once more. Unless it can be answered more 
completely, I am afraid you are going to leave con- 
fusion in our minds. 

Dr. Gitson: Would you restate your question, 
please. 

Dr. Stewart: Does the inhalation of coal dust 
produce a disabling condition as distinct from 
silicosis ? 

Dr. Gmson: There is a disabling condition, 
complicated pneumoconiosis, produced in coal 
miners which is the result, I believe, of tuberculosis 
and the retained coal dust—and by coal dust I 
mean coal dust which may contain only a very 
small amount of silica, as I have just explained, 
and I think this condition is quite distinct from 
silicosis. 

Dr. Kerr: I should like to ask a question of 
Mr. Berger in line with what Dr. Gilson has said, 
as to the amount of free silica found in West 
Virginia, and I should like to ask whether he can 
give some idea as to the silica found in roof bolt- 
ing operations, which give off a conglomeration of 
dust. 

Mr. Bercer: No, I cannot. If you consider the 
coal itself, it might be one thing. Free silica is 
generally very low in the coal itself, but if you 
consider the partings and the impurities in those 
mines along with the coal, then the silica content 
might be rather high. 

I have heard of one operation, but I cannot give 
you the State in which it is located at the moment 
because it has slipped my mind. However, there 
is a continuous-mining operation where the air- 
borne dust contains 11% free silica, and the ma- 
chine, of course, cuts from top to bottom of the 
seam indiscriminately and grinds up everything 
that is in its path. 


On the matter of composition of roof strata and 
with respect to its significance in the practice of 
roof drilling for roof bolting, the free silica con- 
tent covers quite a range and averages about 30%. 
The extremes, of course, are represented by lime- 
stone, at one end of the scale, with a low silica 
content, and sandstone, at the other end of the 
scale, with as much as 90% free silica. The av- 
erage figure we found for free silica was 30%. 

Dr. KAMMerR: I want to ask Mr. Berger a 
question. One point I should like to have cleared 
up concerns our understanding of what we are to 
attribute to the silica-sand problem as related to 
mine dust. 

As I understand your view, the view of the per- 
sons at the Bureau is that, from the studies you 
make of the air-borne dust, you cannot tell us 
whether it is this kind of problem which will cause 
the dust, which you get in terms of count and size, 
although you are reluctant to drop the theory that 
is so popular and which so many commissions 
hold, that silicosis results from that exposure, and 
that you are hesitant to say it is not true that you 
are looking for more and better and meaningful 
ways of measuring the dust. Is that right? 

Mr. Bercer: That sums up the case. The Bu- 
reau of Mines several years ago made a rather 
extensive study on that matter because of its ap- 
parent importance. We did not find in the majority 
of cases significantly large concentrations of dust 
at the position of the motorman or the trip rider 
at the tail end. Others have found the same con- 
dition. One article published in the Journal of 
Industrial Hygiene several years ago presented 
similar findings. However, as Dr. Kammer says, 
persons who have examined haulage employees are 
convinced that they have suffered from their ex- 
posure to sand used for traction. 

As far as I know, all the investigators in this 
country used the impinger method for sampling. 
We know it is not too effective for stopping dust 
of, say, half a micron or perhaps even a little 
larger. So it may be that the dust, by repeated 
grinding under the locomotive wheels, is reduced 
to much smaller sizes, which are not effectively 
stopped by the impinger, and we have not been 
getting the proper picture of dust exposure in 
haulage operations. 
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Breath Samples 


E. J. MARTIN, M.D., Toronto, Canada 


In health surveys of employees of the 
radium industry, internal contamination 
with radium can be routinely estimated from 
the radon eliminated with expired air. Tech- 
niques aim at good reproducibility of the 
values of breath radon among repeated 
samples from any one subject. We used 
most of the recent advances in techniques ?* 
but found that reproducibility of breath 
radon was not consistently the same in all 
subjects. In a previous study with con- 
trived experiments, definite patterns 
were found in the interrelations of changes 
in respiration and changes in breath radon.® 
In the present study these findings were 
used to investigate whether respiratory 
variability during normal breathing caused 
the variability of breath radon as observed 
among repeated random samples. 


Subjects 


For any one subject, large series of re- 
peated breath samples were necessary for 
this study with measurements of both radon 
and respiration. Such series were available 
from each of five apparently healthy, chron- 
ic carriers of abnormally high radium 
burdens. Two of these subjects had a very 
stable respiratory pattern and the coefficient 
of variation of their breath radon was the 
same as that of the analytical instrumental 
error. Their averages of radon concentra- 
tion in breath were 3.1 and 3.9X10-' 
curies of radon per liter of expired air. 
The three other subjects showed high vari- 
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ability of both respiration and breath radon. 
Their averages of radon concentration in 
breath were 0.5, 0.9 and 5.1*10~-!* curies 
of radon per liter of expired air. Data from 
the subject with the highest average breath 
radon were used for this study (Subject A 
of our previous publications), 


Experimental Methods 


A previous paper described techniques 
and apparatus used and preparation of the 
subject.2 The present paper deals with 
breath samples taken with the subject in 
supine posture. 

The subject was made comfortable in a bed. 
Forty minutes after lying down, he was given 
the basal metabolism mouthpiece which connected 
him to the breathing circuit. His nose was clamped 
and his lips were secured around the mouthpiece 
with adhesive tape. From then on, the subject 
was inhaling aged “radon-free” air and was ex- 
haling into the sampling section of the circuit. 
Sampling of expired air was commenced 20 
minutes later and repeated at 10- to 25-minute 
intervals. Each sample was the pool of air expired 
during about 50 to 70 seconds. 


The subject could not see the circuit, nor was 
he aware of when samples were taken. During 
the whole procedure, the subject was awake but 
apparently well relaxed. 


Method of Interpreting Fluctuations of 
Breath Radon.—Changes in_ respiratory 
minute volume cause, as an immediate re- 
sponse, an unsteady state of the elimination 
of radon in breath. When the new level of 
respiratory minute volume has been main- 
tained for some time, a new steady state 
of breath radon is reached. Steady state 
and early phase of unsteady state each have 
their specific pattern in changes of inter- 
relations between respiratory minute volume 
(V), curies of radon per liter of expired 
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air (CL), and curies of radon exhaled per 
minute of breathing (CM). 

Using formulas which have been derived 
from contrived experiments, one can dis- 
tinguish—within a series—between breath 
samples belonging to either steady or un- 
steady states.® 

However, as the unsteady state gradually 
tapers off into the new steady state so do 
the patterns of changed interrelations of 
the variables. Toward its end, the unsteady 
state will not be sharply distinguishable 
from the steady state. Moreover, with the 
limited precision of a physiologic experi- 
ment, it appears necessary to introduce an 
arbitrary point of demarcation between the 
two states. The “limits of tolerance for the 
steady state” as described below was ac- 
cepted for this purpose. 

An ideal “steady state” cannot be obtained 
under physiologic conditions. For practical 
purposes, one must introduce a working 
definition of steady state which sets the 
limits of tolerance for deviations. Here, 
fluctuation of CM was taken as the criterion 
for this definition, and empirical data of its 
range were used. The largest amplitudes 
of fluctuations, as observed in Subject A 
under hypnotic relaxation® and in each of 
two very stable subjects in a waking state, 
deviated from the averages of the .espective 
series by factors of >0.91 and <1.09. This 
minimum and maximum were taken as the 
limits of tolerance of fluctuations during 
the “steady state.” In these series the co- 
efficients of variation of CM were found 
to be within the limits of the coefficient of 
variation of the combined analytical instru- 
mental errors. 

For the following interpretation of the 
fluctuations of breath radon as responses 
to respiratory changes, the general assump- 
tion was made that any one unsteady state 
was immediately preceded by a steady state. 

The following symbols were used: V’, 
CL’, and CM’ for the individual variables 
of each sample regardless of its state; 


V, CL, and CM for the averages of the 
variables in the complete series of 19 ran- 
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dom samples taken over a seven-month 
period; V,, CLo, and CM, for individual 
variables during steady states. 

CM, was determined in two different 
contrived conditions where V was main- 
tained at constant levels to obtain a steady 
state. In one of these experiments, V, was 
maintained at a high level by prolonged 
stimulation of respiration with CO,*; in 
the other experiment V, was maintained at 
a low level by prolonged sleep in hypnotic 
relaxation. The values of curies of radon 
exhaled per minute in the individual sam- 
ples in both of these experiments agreed 
well with each other, and they agreed well 
with CM in the series of random samples. 
Hence CM,=CM. 

Among the steady states reached at vari- 
ous levels of V, the formula VX CL=CM 
defines the changes in level of CL, as in- 
versely proportional to those in Vo. 

The values of the variables V’, CL’, and 
CM’ found in the series of 19 random 
breath samples are shown in the Table. 

In the Table, eight samples which show 
CM’=CM, meaning CM’=CM,, are inter- 
preted as being taken during steady states. 
They are Samples 4, 15, 17, and 19, with 


V.. approximately equal to V; Samples 6 


Value of the Variables and Interpretation of the 
State of Nineteen Random Breath Samples 


ba’ CL’, CM’, Interpreta- 
Sample Liters Curies Curies Dayof tion ofthe 
No. (BTPS) X10-'* X10-'? Sampling State 
1 5.70 5.51 31.4 a Unsteady 
% 6.7 6.51 44.1 a Unsteady 
3 6.80 6.05 41.2 a Steady 
4 7.75 5.40 418 b Steady 
5 9.90 4.48 44.4 b Unsteady 
6 9.26 3.94 36.5 b Steady 
7 6.62 5.70 37.7 b Steady 
s 9.45 4.47 42.2 b Steady 
9 9.06 5.25 47.6 b Unsteady 
10 6.94 6.48 45.0 e Unsteady 
ll 9.30 4.88 45.4 e Unsteady 
12 5.82 5.02 29.2 d Unsteady 
13 7.55 3.90 29.4 e Unsteady 
14 6.55 5.25 34.4 f Unsteady 
15 8.30 4.85 40.2 f Steady 
16 9.66 5.09 49.2 g Unsteady 
17 8.30 5.09 42.2 g Steady 
18 8.15 4,00 32.6 h Unsteady 
19 8.20 4.98 40.8 i teady 
Mean 79 5.1 39.7 


Tolerance for steady state of CM, 36.2 to 43.3 


V’, respiratory minute volume; CL’, radon per liter of expired 
air; CM’, radon exhaled per minute of breathing. 
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and 8, with V,>V; Samples 3 and 7, 
with V.<V. 
The other 11 samples in which CM’ is 


found to be different from CM are inter- 
preted as being taken during unsteady states. 
Samples 2, 5, 9, 10, 11, and 16, showing 


CM’>CM, must have been taken after 
shifts of V from a lower to a higher level. 
Samples 1, 12, 13, 14, and 18, showing 


CM’<CM, must have been taken after a 
shift of V from a higher to a lower level.® 
The interrelations of the relative changes 


of the three variables V'/V, and 


CM’/CM in each of the 19 samples satisfy 
the formulas for steady and unsteady states 
which were derived in previous work.® 
The Table shows further that the series is 
composed of four single samples (12, 13, 
18, and 19), each taken on a different day, 
d, e, h, and i; three couples (10-11, 14-15, 
and 16-17), each taken on a single day, 
c, f, g, and series of three (1-2-3) and six 
(4 through 9) samples, each taken on a 
single day, a and b. Individual samples 
which were identified in the complete series 
as belonging to either steady or unsteady 
states were identified as to their distribution 
within the small daily series. It is seen 
that the weight of value of CM in samples 
taken during unsteady states was the only 


cause for day-to-day differences of averages 
of CM. 


Comment 


After a respiratory change, the reestab- 
lishment of a steady state between V and 


CL is a function of time. When one finds 


CM’=CM in a breath sample, a relation 
characteristic of the steady state, the sam- 
pling must have coincided with a steady 
respiratory level of long enough duration 
for equilibrium to have become established 
between V and CL. On the other hand, if 


one finds CM’ different from CM one can 
infer that the breath sample was taken at 
so short an interval after a respiratory 
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change that equilibrium between V and CL 
was not yet established—in short, that the 
sampling coincided with an unsteady state. 

As respiration normally fluctuates, steady 
and unsteady states will alternate in any 
one subject. Reproducibility of CM among 
random breath samples can be viewed as a 
matter of chance. When the ratio of inte- 
grated periods of steadiness to integrated 
periods of unsteadiness increases, the 
chances of any one breath sample to be 
taken coincidentally with a steady state will 
increase and reproducibility of CM will 
improve. The increase in ratio may occur 
upon decrease of either frequency or ampli- 
tudes of respiratory changes. This reason- 
ing suggests a possible improvement of 
those techniques in which short periods of 
time are used for the sampling of expired 
air. If stimuli which cause respiratory vari- 
ability could be minimized, the reproduci- 
bility of CM among repeated breath samples 
should improve. Experiments of this kind 
will be discussed separately. 

No available data on the duration of the 
unsteady state apply directly to the described 
experimental conditions. However, an esti- 
mate has been attempted by an indirect 
approach. Experiments to be described 
elsewhere were performed with subjects 
supine and at rest. The subjects were made 
to breathe first in a radon-rich atmosphere 
and then in a radon-free atmosphere. The 
time curves for radon uptake and radon 
elimination during the two phases of the 
experiment were studied. The time curves 
of radon elimination as found in these ex- 
periments were now applied to those ampli- 
tudes of changes in V and in CL which 
commonly occur in resting, supine subjects. 
They suggested that after a step-like change 
in V, less than three minutes may suffice 
for the response of CL to reach again a 
“steady state.” This observation suggests 
another possibility of improving the fore- 
going .techniques, namely, that it may be 
practical to record respiration continuously 
in order to select steady states for timing 
the breath sampling. 
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It is conceivable that interferences other 
than respiratory changes may have caused 
the changes in interrelations of the variables 
as shown in the Table. In the available lit- 
erature, no information on such interfer- 
ences was found which can be applied to 
our experimental conditions. At present, 
there are no means to identify those inter- 
ferences if they occur or to distinguish 
them from the effects of respiratory fluctu- 
ations. 


Summary 


In any one subject with chronic radium 
poisoning, the curies of radon per liter of 
expired air (CL) and the curies of radon 
exhaled per minute (CM) are dependent 
variables of respiratory minute volume (V). 
The state of response of CM to changes in 
V was determined in each of 19 breath 
samples taken at random from one subject. 
Eight samples were interpreted as belong- 
ing to steady states and eleven samples as 
belonging to unsteady states. 

Differences among day-to-day averages of 


CM in small daily series of breath samples 


were caused by the weight of CM in breath 
samples taken during unsteady states. 


Hospital of American Samoa, 
American Samoa. 


Pago Pago, 
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Studies on Dispersion of Solids as Dust Aerosols 


V. ALEXANDER GORDIEYEFF, Ph.D., Army Chemical Center, Md. 


Dispersion of solid nonvolatile aerosols is 
usually achieved by dissolving the solid 
substance in a suitable volatile solvent and 
spraying the solution into the gas phase 
from a sprayer or atomizer. Some solids 
either are difficult to dissolve in volatile 
solvents or undergo undesirable physical or 
chemical changes in solution. In many 
toxicological or physiological tests the pres- 
ence of a solvent in the test atmosphere 
may interfere with a true evaluation of the 
effects of the dispersed solid. Dispersion 
of solids in their dry form involves many 
technical difficulties}? which cannot be 
overcome without exhaustive instrumental 
studies. Such studies carried out in the 
Chemical Warfare Laboratories resulted 
in development of a expedient 
devices for dispersion of dry dusts. The 
first and simplest device developed was a 
compressed gas pistol able to eject and dis- 
perse a compressed powder charge. 

The gas pistol was a commercially avail- 
able Benjamin Franklin caliber .22 gas 
pistol.* The propelling charge was a small 
cylinder (“midget cylinder”) of compressed 
carbon dioxide manufactured for propelling 
toys under the trade name “Jet King” 
(Kiddie Manufacturing Co., Bloomfield, N. 
J.). The muzzle end of the barrel was sup- 
plied with a detachable device designed to 
break up the projected powder charge as it 
was leaving the gun barrel. The device 
consisted of a brass semicylinder, attachable 
by two screws to the muzzle end of the gun 
at the sight blade of the gun. The semicyl- 
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Fig. 1—The carbon dioxide pistol with the 
shattering device attached. 


inder was drilled to the caliber of the gun 
so as to form an open extension of the 
barrel bore. At the farther end of the semi- 
cylinder a sharp point, cut off a surgical 
knife, was placed to protrude downward 
so as to traverse completely the extended 
path of the projectile. Thus, the knife point 
was able to intercept and to shatter the 
compressed powder charge projected against 
it with the full force from the muzzle and 
along the extended barrel path. Figures 1 
and 2 show the gun with the assembled 
and the disassembled device. 

The powder charge was placed in the 
early stage of experiments into a pharma- 
ceutical capsule (No. 3 or 4), in a more or 


Fig. 2.—The carbon dioxide pistol with the 
shattering device detached and disassembled. 
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Fig. 3.—Powder pellet press. 


less compressed form, and pushed into the 
loading breech of the gun in place of the 
lead pellet supplied with the gun as the 
standard projectile. Such capsules are 
shown in Figures 1 and 2 above the gun. 
The capsule was disrupted into fine shreds 
upon impact on the knife point in the ex- 
tended part of the barrel, and the powder 
dispersed by the driving force of the com- 
pressed gas charge propelling the capsule. 
It was soon found that this method of dis- 
persion was not satisfactory, since only a 
small fraction of the powder charge could 
be made air-borne (Table 2). 

A new method of preparing powder 
charges was developed. The charges were 
prepared by compression of a loose powder 
in a pellet press, represented in Figure 3. 
The press consisted of a hollow brass cyl- 
inder, C, drilled to the bore of .22 caliber, 
H ; a compressing piston, P ; a bottom piece, 
B, which could be screwed onto the cyl- 
inder, C, and spacers, S, which could be 
slipped over the piston shaft, PS. 

The loose powder to be compressed was 
charged into the bore of the cylinder, C, 
after the bottom end of the cylinder was 
closed by screwing the bottom piece, B, onto 
the cylinder. The piston, P, was inserted 
into the cylinder, and the charge compressed 
to a desired degree by placing the device in 


a vise or a press. The process was repeated 
until a pellet of a desired length and com- 
pactness was obtained. Then, the bottom 
piece, B, was removed from the cylinder, 
C, and the compressed cartridge was ex- 
truded from the cylinder. A spacer placed 
on the piston shaft, PS, allowed a section 
of the compressed cartridge of a desired 
length to be extruded. The extruded section 
was cut off with a surgical knife flush with 
the bottom surface of the cylinder, C. The 
cut-off section could then be transferred 
into the loading breech of the gun to be 
fired. 

The charges prepared in this way were of 
satisfactory reproductibility so far as the 
cartridge weight and the produced dust 
concentration were concerned. Table 1 
shows some of the results obtained with 
a fine magnesium oxide dust. Table 2 gives 
a comparison of results obtained with 
powder capsules and compressed pellets and 
indicates the considerable superiority of the 
latter method of charge preparation. 

Particle sizes or their distribution de- 
termined in this and the other experiments 
refer to the actual air collected samples of 
the aerosol from random-selected areas of 
the chamber and not to the original powder 
material. The relationship between the size 
of the air-borne particles and that of the 
original dust material was not always con- 
sistent and eluded any definite evaluation. 

A variety of powders were tested in the 
course of these experiments. The following 
paragraphs describe the most interesting ob- 
servations made in the course of experi- 
mentation. 

While the described procedure of prepar- 
ing the powder charges was satisfactory in 


Cloud Concentration, y/L. 


Pellet 
Weight, Mg. 
Extruded Length, 
Mm. Expected Found 
15 40.5 32.5 
3.5 94.5 96.0 
4.5 121.5 125.0 
5.0 135.0 117.0 
6.0 163.0 148.0 


Expected Range Concentration 
‘ound 
60-70 45 1.10 
90-120 85 0.95 
100-150 110 0.90 
120-180 195 1.35 
200-300 315 1.15 
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TaBLe 2.—Dispersion of Powders from Capsules and Compressed Pellets 


Capsule 


Compressed Pellet 


Powder 
Pellet weight, mg. 


Per ceut of powder as aerosol 
(*min. after dispersion) 


Alumina 


a large number of materials, difficulties 
were encountered with crystalline materials 
of low compressibility. The compressed 
charge formed a semifused mass which was 
difficult to extrude from the cartridge press 
and to disperse. Similar behavior was 
shown by many hygroscopic substances. In 
such cases it was useful to impregnate the 
material on or mix with suitable dust car- 
riers; silica, alumina, magnesium oxide, and 
charcoal were the commonest carriers used 
in this study. Comparative results of dis- 
persion of sodium cyanide—a material diffi- 
cult to compress in the crystalline form— 
are shown with and without a dust carrier 
in Table 3. Satisfactory experiments were 
performed in dispersing various nonvolatile 
liquid substances impregnated on a suitable 
carrier, 

Similar finely ground powders when com- 
pressed under about 1400 Ib/sq. in. yielded 
30%-40% of the charge mass as aerosol, 
while 60%-70% of the pellet would impact 
or precipitate out of the cloud as larger 
lumps and conglomerates. Loosely packed 
powders yielded 10%-20% of the charge as 
aerosol with the rest precipitating out of the 
dispersion in the form of a large number of 
heavier coagulated particles. Prolonged 
grinding of the material improved the de- 
gree of dispersion. The most important fac- 


tor here is the character and nature of the 
pellet material, its specific gravity, porosity, 
fluffiness, etc. 

The materials of central concern for the 
study were fortunately solids which could 
be easily compressed into the pellet form. 
In the course of experiments it was noticed 
that the degree of dispersion, i. e., the con- 
centration of the air-borne powder, de- 
pended in the adapted procedure on the 
degree of compression. Figure 4 illustrates 
this relationship for the case of cadmium 
oxide dispersions from cartridges com- 
pressed under different pressures. 


Another important factor affecting dis- 
persion of powders was the propelling force 
driving the powder pellet against the shat- 
tering knife point and into the chamber. 
Figure 5 shows that the efficiency of dis- 
persion, i. e., the percentage of pellet mate- 
rial which can be made air-borne, decreases 
with the number of shots fired from the dis- 
persion pistol, i. ¢., with decrease of the 
propelling pressure in the gas chamber of 
the gun. 

The size and the weight of the powder 
pellet also had some effect upon the disper- 
sion process. According to the data repre- 
sented in Table 4, the air-borne per cent of 
the pellet charge increases slightly as the 
length, and hence the weight, of the pellet 


TABLE 3.—Dispersion of NaCN On and Without Dust Carrier from a Compressed 
Cartridge 


Weight 
of 
NaCN 

185 
155 
65 
82 
57 


NaCN Concentration 
as Aerosol, 
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Alumina Silica Silica 

s 117 225 85 115 105 330 120 160 

n Po 2.6 3.4 8.5 9.7 34.3 36.8 49.6 42.1 

Cartridge 

Carrier Weight, 

Mg. 

: 185 17 

: 170 160 
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DISPERSION OF SOLIDS AS DUST AEROSOLS 


% CHARGE 
AIRBORNE 


SOO 


COMPRE SSION FORCE 
Fig. 4.—Dispersion efficiency and pellet compression. 


$ 10 5 20 NUMBER OF SHOTS 
Fig. 5.—Dispersion efficiency and propelling force. 
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TABLE 4.—Dispersion Efficiency and Pellet Size 


Magnesium Oxide Powder Cadmium Oxide Powder 
Pellet length, mm... J 3.5 4.5 6.0 7.5 8.5 1.5 3.0 5.0 8.0 10.00 
Pellet weight, mg . 94.5 123.0 172.0 215.0 256 82.0 158.0 282.5 444.6 546.5 
Per cent of air-borne mass . 17.0 320 350 290 275 120 280 26.0 22.00 20.5 


is increased. The dispersion efficiency de- 
clines, however, when a certain “optimum” 
pellet length (and weight) is exceeded. For 
materials yielding compact pellets with spe- 
cific gravity below 3.0 gm/cm.%, this critical 
pellet length was in the region of 5-8 mm. 
For heavier materials (e. g., metal oxides 
and fine metallic dusts), this length was 
smaller (usually in the range of 4-6 mm.). 

A cloud dispersed in a test chamber by 
firing a pellet charge could be maintained 
at the original concentration level if addi- 
tional shots were fired from time to time 
to compensate for sedimentation and deposi- 
tion losses of the original cloud. It was 
also possible to increase the original cloud 
concentration by firing a few additional 
shots in quick succession. Table 5 shows 
that the effect of such additional shots was 
not a directly additive one; while each addi- 


TABLE 5.—Dispersion of Magnesium Oxide 
Powders by Repeated Shots of 
Compressed Pellets 


Concentration of Aerosol, y/L. 


After Shot 


Time, 
Min. Before Shot 


Consecutive 
Shots 


Time Interval, Aerosol 
Min. Concentration, 
No. /L. 


0 
1-1.5 
1-2.0 
1-3.0 
14.0 
1-5.0 


Note: All pellets were uniform in size (length and weight): 
length, 6.040.3 mm.; weight, 170+6 mg. 
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tional shot fired into a test chamber intro- 
duced some fresh air-borne material, the 
turbulence created by each shot in the cham- 
ber caused losses of the original air-borne 
material by wall impaction and accelerated 
precipitation following coagulation of par- 
ticles. It may be seen from Table 5 that 
there is a practical limit for concentration 
built up of dust clouds dispersed by a series 
of shots. 

These data were obtained from a chamber 
without recirculation. Some slight improve- 
ment of dust concentration build-up was 
noted when a recirculating channel, operated 
by a small rubber blade fan, was used. 

The size of the test chamber was found 
to be, as expected, of some importance for 
the efficiency of dust dispersion. The most 
important factor was the length of trajec- 
tory path followed by the broken-up powder 
in the chamber. In very small chambers the 
powder charge would impact on the chamber 
wall opposite the gun muzzle with enough 
force to be deposited in a considerable mass 
on the wall surface. Where work with such 
small chambers was mandatory, the impac- 
tion losses could be reduced by firing the 
pellets into the chamber through a long 
(5-10 in.) glass cylinder of a large di- 
ameter (2-3 in.) attached to the chamber. 
Table 6 shows the effect of the length of 


TABLE 6.—Dispersion of Cadmium Oxide Powders 
at Different Lengths of the Trajectory Path 


Average Per Cent of Pellet 
Mass Air-borne 


Path Length, Cm, 
5 3.4 

10 7.8 

15 18.0 

25 22.0 

35 28.0 

50 32.0 

75 31.0 
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4 

No. 

c 1 0 0 344 

a 2 25 203 396 

e 3 55 278 475 

; 4 90 326 480 

ie 5 140 295 445 

B 

1 335 

2 465 

4 534 
6 695 

8 725 

10 715 

— 
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DISPERSION OF SOLIDS AS DUST AEROSOLS 


TasLe 7.—Dispersion of Aerosols in a Dynamic Chamber by Repeated Firing of 
Compressed Pellets into Air Stream 


Analytical Concentration of Aerosol in Chamber, 7/L. 


Shot, No. Time of Shots, 
Min. Time, Min. 
1 0 15 
2 4 4.5 
3 8 9.0 
4 12 13.5 
5 16 : 16.5 
6 20 : 21.0 
7 24.0 


Time, Min. 
2.5 215 

7.0 256 

11.0 205 


15.0 198 


18.5 205 


23.0 200 


235 
310 
282 
264 
237 
265 
255 


29.0 


Pellet material, MgO 
Pellet weight, 172.0 mg. 


the free trajectory path on the efficiency of 
dispersion. 

A further investigation was concerned 
with the effect of the shape and size of the 
shattering knife located at the gun muzzle 
on the dispersion efficiency. Experiments 
were carried out where the shattering-knife 
points of different thickness, length, and 
varying edge geometry were placed into 
the holder mounted over the gun barrel. 
Measurements of dispersions produced with 
such various shattering devices did not show 
any significant changes in the aerosol char- 
acteristics which could be associated with 
geometry of the shattering devices. They 
indicated, however, that a sharp shattering 
wedge-shaped device was superior to any 
flat shattering plates; flat surfaces were 
found significantly to decrease the concen- 
tration of dispersion, owing to impaction of 
the pellet material on the shattering plate. 

While the device was designed and used 
mostly with chambers of the static and semi- 
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Chamber size, 105 liters 
Air flow in chamber, 40 1/min. 


static type, the gun was used also in small 
dynamic chambers with moderate air flow; 
in these experiments a series of pellets were 
fired into the air stream in properly timed 
intervals. Some of the results are repre- 
sented in Table 7. 

The performance data on the gas pistol 
collected so far indicate that such a pistol 
may be successfully applied to disperse 
various powders in different chambers with 
a satisfactory dispersion efficiency and a 
fair degree of reproducibility. The gas 
pistol was used successfully in this labora- 
tory, testing and evaluating acute inhalation 
toxicity of various substances dispersed as 
dry powder aerosols. 


Chemical Warfare Laboratories. 
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The Surgical Treatment of Pulmonary Tuberculosis in 


Flying Personnel 


R. J. SHEPHARD, M.B.B.S., Ph.D., Cincinnati 


Introduction 


The diagnosis of tuberculosis has in the 
past spelled an end to a career in the fight- 
ing services. Aronstam and Plum,’ speaking 
from the viewpoint of the U. S. Army as 
recently as 1956, stated that, since an aver- 
age of two or three years’ hospital treat- 
ment was required, retention of a tubercu- 
lous patient in the armed forces was not 
practicable on the grounds of either economy 
or logistics. 

Over the past decade the trend has been 
toward a less rigid attitude. The Royal Air 
Force now retains all officers and a fair 
proportion of airmen who wish to remain in 
the Service after completion of treatment 
(Rumball *), while in the U. S. Air Force 
(Schilling, Harvey, and Balke *) and in the 
Belgian and French Air Forces (Evrard *) 
it is now unofficial policy to permit a gradual 
return to flying duties, with exposure or 
potential exposure to low barometric pres- 
sures. Factors determining this change of 
policy have included earlier diagnosis 
(through mass radiography), speedier 
and more effective treatment (limited 
segmental resection eliminates diseased 
tissue with little loss of pulmonary 
function, while modern chemotherapy 
reduces both immediate and long-term 
morbidity), and a serious increase in 
the cost of training replacements for special- 


Received for publication Dec. 17, 1956. 

From R.A.F. Institute of Aviation Medicine, 
Farnborough, Hampshire, England. 

Presently Assistant Professor of Preventive 
Medicine and Industrial Health in the College of 
Medicine, University of Cincinnati. 

* Rumball, Air Commodore: Personal communi- 
cation to the author. 


516 


ist personnel (the crew of a heavy bomber, 
for instance, spend several years in train- 
ing at a cost of a little under £1,000,000). 

These developments have to date been 
based largely on clinical impressions and re- 
main physiologically “unproved.” It was, 
therefore, thought appropriate to make a 
series of objective measurements of pul- 
monary function in a large group of 
R. A. F. personnel receiving surgical treat- 
ment for pulmonary tuberculosis, the results 
being considered with particular reference 
to working capacity and the potential hazards 
of a full flying category. 


Design of the Experiment 


Many previous investigations of pul- 
monary function before and after thoracic 
surgery have been invalidated by lack of 
attention to experimental design. Detailed 
criticisms have been advanced in the histori- 
cal section of a previous report (Shep- 
hard*), but some of the areas of 
uncertainty may be summarized here. These 
include the performance characteristics of re- 
cording apparatus (particularly the spirom- 
eter); the method of selecting the test 
population; the effects of age, sex, and 
physical fitness on pulmonary function; the 
length of the postoperative period required 
for a full recovery of function; the effect 
of repetition of a given test on performance ; 
the extent of residual tuberculous disease, 
and the effect of the tuberculous process on 
standard corrections for height and body 
weight. 

Recording Apparatus and Experimental 
Methods.—Four apparatus assemblies were used 


in the present study; the performance character- 
istics of each were carefully checked in a series 
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SURGICAL TREATMENT OF PULMONARY TUBERCULOSIS 


TaBLe 1.—Summary of Physiological Measurements 
(Number of Observations on Each Case is Shown in Brackets) 


Capacity 


Gas Distribution 


Over-all Efficiency 


Untimed Vital Capacity (6) 
Inspiratory reserve 
Expiratory reserve 


Inoptred vol. 
Tidal vol. 


Peak gas flow 


Dead Space (6) 


Psychomotor Performance 
Control (6 min.) 
Hypoxia, 20,000 ft. (10 min.) 
Oxygen paradox (1 min.) 


Breath.t holding time 


Fast Inspiratory sem (6) 
One-sec. capacit 
Peak gas flow 
Respiratory acceleration 
Exponential tail 
Total delivery time 
Respiratory deceleration 


Fast Expiratory Capacity (6) 
Details as for inspiratory 


Maximum Breathing Capacity (6) 
(15 sec.) 


Ratio, MBC/VC 
Swept fraction of VC 


Critical expiratory phase 


Mixing Efficiency (6) 
Nonuniformity of alveolar nitrogen 


Residual Gas Volume (6) 
Functional residual vol., RV/TLC 


Arterial Oxygen Saturation 
Resting saturation 
Minimum, 20,000 ft. 
Time to reach 95% saturation 
Saturation 1 min. after oxygen 
resto! 


of preliminary investigations (Shephard®*). A 
Benedict-Roth spirometer, stripped of valves and 
soda-lime canister and equipped with wide-bore 
tubing and circular mouthpiece, was used for the 
measurement of untimed vital capacity. A pneu- 
motachograph, with ultralow flow resistance and 
giving a linear response to gas flows of up to 425 
liters per minute, served to measure the param- 
eters of maximum breathing capacity and fast 
vital capacity. The physiological dead space, gas 
mixing efficiency, and residual volume were de- 
termined by a single-breath technique with use of 
a Lundin-Akeson nitrogen meter and standard 
pneumotachograph. The response to hypoxic stress 
was evaluated by a niull-balance discontinuous 
electrical pursuit meter* and a Stott’ oximeter. 
The measurements made on each patient are 
summarized in Table 1. Almost al! patients 
showed a gradual increase of vital capacity, fast 
vital capacity, and maximum breathing capacity 
with repetition of the tests,* and the highest read- 
ing has therefore been accepted for each of these 
measurements. Values for the subdivisions of 
vital capacity, physiological dead space, mixing 
efficiency, and residual volume, on the other hand, 
represent the mean of six successive estimates. 
Selection of Subjects—The tests were carried 
out on all male R.A.F. personnel undergoing 
segmental resection for pulmonary tuberculosis 


TABLE 2.—Composition of Test Population 


over the period 1950-1955 and still serving in the 
R.A. F. at the end of this period—a total of 44 
cases. Two patients treated by primary elective 
thoracoplasty during this same period were also 
tested. It was not necessary to exclude any cases 
on account of other diseases affecting the cardio- 
vascular or respiratory systems. 

Since only those patients that remained in the 
R. A. F. were seen, there is some possibility that 
the more successful cases were tested. Even if 
this were so, it would not be a serious criticism, 
as the operation of segmental resection has now 
reached the stage where the unsuccessful case is 
something of a rarity. In fact, comparison of the 
incidence of complications with the over-all rate 
for the institution of treatment (Todd, Teare, and 
Gordon™) does not suggest that the present 
sample contained an undue proportion of good 
results. 

The pattern of medical and surgical treatment 
has been described in detail elsewhere.*™ Cases 
were drawn from a period when the hospital 
routine was fairly constant, and all except four 
were treated in the same sanatorium (King Ed- 
ward VII Sanatorium, Midhurst, Sussex). 

All the patients were men, and the age range 
was quite small (Table 2). Residual age dif- 
ferences were minimized by expressing the results 
of most tests as a percentage of expected values 


Segmental Resection 


Age: mean and range, yr. 37.4 35.9 
(26-44) (24-46) 

Postoperative period: 23.5 
mean and range, mo. (15-42) 


35.7 
(31-48) 


26.0 
(12-60) 


4-1 Seg. Seg. 5-7 Seg. Pre- and Post- Secondary Primar 
Operative Thoracoplasty 
Patients (all male), no. 8 13 ll 4 3 5 2 


29.8 27.3 34.8 43 
(27-34) (21-36) (28-39) (41-45) 
21.8 4.7 25.2 
(15-27) (14-48) 


Shephard 


<i 
Rate 
Peak gas flow 
| | 
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Tas_e 3.—Incidence of Dyspnea in Forty-Six Cases of Surgically Treated 
Tuberculosis * 


Segmental Resection 


Grade ¥6-1 Seg. 1%2S8eg. 214-3 Seg. 5-7 Seg. Pre-and Post- Secondary Primary 
Operative Thoracoplasty Thoracoplasty 
0 5 9 6 4 3 2 1 
1 2 1 2 0 0 2 0 
2 1 3 3 0 0 1 1 
Average Grade 50 54 73 00 0.00 0.80 1.00 


* Grading of Gilson and Hugh-Jones. '* 


for subjects of the same age with the use of 
suitably accurate normal curves.‘ All the per- 
sonnel concerned had long-service engagements 
and were following the normal life of an R.A. F. 
station. Before their illness was diagnosed, most 
were more active than civilians of a comparable 
age, some taking regular part in as many as four 
active sports; even after the operation most led 
quite a vigorous life, only four patients taking no 
specific form of exercise. Most of the patients 
followed occupations of a sedentary or semi- 
sedentary nature. With the possible exception of 
flying, the form of employment is not corisidered 
to have had any influence on the course of the 
disease. 

Postoperative Period and Residual Disease.— 
The average period between operation and the 
testing of respiratory function was 24.1 months, 
and none of the main series were seen sooner than 
12 months after operation (Table 2). 

Possible disease of remaining lung tissue was 
difficult to assess. The available evidence consisted 
of x-rays films and information obtained by digital 
palpation at operation. On the basis of this evi- 
dence the surgeons were required to state whether 
all diseased tissue had been eliminated. In almost 
all the segmental resection cases their answer was 
“ves.” There is no evidence that the patients were 
underweight as a result of the tuberculous process 
—in fact, the mean weight (150.1 lb.) was 10 Ib. 
greater than the average for 1631 R.A. F. pilots 
(Morant and Gilson™). This is due, in part, to 
the higher average age of the present series, but 
it may reflect also alterations in diet ordered by 
the physicians with a view to building up body 
resistance. 


Results 


Clinical Findings.—With the exception of 
dyspnea, symptoms relating to the respira- 
tory system were a rarity. One or two 
patients admitted to occasional discomfort 
at the site of the operation, but in no case 
was this brought on during the respiratory 
tests. One patient also had a slight but 
persistent morning cough. Even the symp- 
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tom of dyspnea was by no means common 
(Table 3). On the scale of Gilson and 
Hugh-Jones 7° the average reading for the 
36 cases of segmental resection was only 
0.53. Such changes are obviously too slight 
to show any correlation with the amount 
of pulmonary tissue resected. However, it 
is interesting to note that a fair proportion 
of cases reporting dyspnea had a history of 
persistent air pocket or bronchopleural 
fistula during the postoperative period. 

Untimed Vital Capacity—The influence 
of extent and type of operation on the 
vitai capacity and its subdivisions is sum- 
marized in Table 4. There was some evi- 
dence of a relationship between the 
subjective estimate of disability and the 
recorded vital capacity, Grade 0 (vital ca- 
pacity, 93.3%) and Grade 1 (vital capacity, 
92.6%) contrasting sharply with Grade 2 
(vital capacity, 83.6%). In some cases a 
low vital capacity reading appeared to be 
associated with a postoperative complica- 
tion, particularly an air pocket or pleural 
thickening, but the significance of this asso- 
ciation is doubtful, as other cases with a 
history of similar complications had a nor- 
mal vital capacity. 

Maximum Breathing Capacity. — Values 
for the maximum breathing capacity and its 
derivatives are summarized in Table 5. 
There was some suggestion of a correlation 
between the subjective assessment of dis- 
ability and the fall of maximum breathing 
capacity, but this was less striking than 
for the vital capacity readings. The respir- 
atory rate was well up to the normal stand- 
ard in all except the thoracoplasty cases ; 
indeed, in a few cases where residual pleural 
thickening had been noted, the rates were 
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SURGICAL TREATMENT OF PULMONARY 


higher than normal, and one subject with 
a history of bronchopleural fistula achieved 
his best result at a respiratory rate of 200 
breaths per minute. The peak gas flow was 
very normal throughout the series. Average 
values for the MBC/VC ratio were a little 
below previously reported normal figures,” 
but it should be noted that some patients 
who adopted a high respiratory rate had 
ratios that were greater than normal. 


Fast Vital Capacity.—Table 6 summarizes 
the measurements of fast vital capacity. 
Comment may be made on the pattern of 
gas flow during the tests. Peak flow rates 
were well up to the normal standard in all 
except the thoracoplasty cases, while the 
average “acceleration” was greater than 
normal, particularly during the expiratory 
test. Examination of individual tracings 
suggested that this was due largely to the 
absence of an initial phase of low gas flow 
observed in normal subjects. The expira- 
tory “deceleration” was increased in all ex- 
cept two of the segmental resection cases ; 
this change was too large to attribute simply 
to the high peak flow rates and suggested 
that there was also a genuine impairment 
of gas flow in the later phases of expiration. 

Gas Distribution. — The physiological 
dead space was considerably increased in 
all except the primary thoracoplasty cases 
(Table 7). It has been suggested (Wallace 
and Pillman**) that local emphysematous 
distention is particularly liable to follow re- 
section of segments from the left upper lobe, 
and it is interesting to note that in the 
present series higher average dead space 
readings were obtained for operations on 
the left upper lobe, as follows: 


TUBERCULOSIS 


is an associated reduction of vital capacity. 
This factor certainly seems adequate to 
account for the changes seen after extensive 
segmental resection and thoracoplasty; in- 
deed, if allowance is made for some reduc- 
tion of vital capacity, the residual volume 
was in most instances less than normal. 

Response to Hypoxia.—All except 4 of 
the 46 patients completed the 10-minute 
period at a simulated altitude of 20,000 
ft. In one patient consciousness was lost 
with little warning at the end of the 5th 
minute ; typical anoxic jactitations were ob- 
served, but the patient recovered after 30 
seconds on emergency oxygen and had no 
subsequent recollection of the episode. One 
older patient complained of substernal dis- 
comfort during the seventh minute, and in 
another the test was discontinued at the 
ninth minute, as he had become very rest- 
less and seemed liable to damage the appa- 
ratus. The fourth patient was a senior 
member of the Air Staff, and in view of his 
rank and age it was thought expedient to 
limit his test to six minutes. 


The symptoms noticed by the patients 
were fairly typical of hypoxia in normal 
subjects. Of these patients 63% noted some 
form of mental change; this was variously 
reported as muzziness or haziness (17%) ; 
difficulty in thinking and matching the dials 
of the pursuit meter (17%); difficulty in 
concentrating on the test (9%); sleepiness 
or tiredness (6%); excitement (3%); 
euphoria (3%), and depression (3%). 
Also, 43% noticed a change in the pattern 
of respiration, described as difficult or 
labored breathing (17%); an increase in 
the depth of breathing (14%), and gasping 


Site of Resection 
Average amount of tissue resected_-_............-....-.-..-- 
Average physiological dead space__.................-.-.-- ial 


With regard to the residual volume read- 
ings, Gilson and MHugh-Jones™ have 
stressed that difficulties of interpretation 
may arise where volumes are expressed as 
a percentage of total lung capacity and there 
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L. Upper Lobe 


R. Upper Lobe 
1.98 seg. 


Other (2 Cases Only) 


2.25 seg. 2 seg. 


156.7% 


or catching breath (11%). Dizziness was 
observed by 11%; a visual change, by 9%, 
and other symptoms, by 23%. When the 
oxygen was first restored, 51% of the pa- 
tients described further symptoms. The 


521 


182.2% 157.7% 

‘ : 


-Six Cases of Surgically Treated Tuberculosis 
Ten Minutes 


f 20,000 Ft. for 


Exposed to Altitude o 


TABLE 8.—Response to Hypoxic Stress in Forty 
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Segmental Resection 


Pre- and Post- Secondary Primary 
1 %-2 Seg. 214-3 Seg. 5-7 Seg. Operative Thoracoplasty Thoracoplasty 


Seg. 


Psychomotor Performance 


Hypoxia 
Paradox 


cent control 


Initial response time, per 


ined 


101.4 
101 


Hypoxia 
ox 


Total response time, per 
cent control 


112.4 
108% 
97.2% 


90.5--127.5 


99.6% 


Error, per cent control 


Arterial Oxygen Saturation 


97.8 99.1% 


98.6% 98.7% 


98.6% 


at 20,000 ft.) 


Initial resting value (breathing oxygen 


62.7% 


57.9-+ 63.0% 
11.0 


35 15 


52.0% 


65.2% 
25.0 


63.7% 


18.1 


66.6% 


12.8 


Minimum saturation 


10.0 


Time to reach 95 per cent saturation, 
sec. 


97.7% 98.6% 96.3 99.1% 98.7% 


97.7% 


98.6% 


Saturation 1 min. after oxygen restored 
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commonest change was in the special sense 
of vision (20%), the room seeming momen- 
tarily brighter or the lights unusually yel- 
low. Others noted mental changes (17%), 
including muzziness, lightheadedness, and 
difficulty in concentration. A smaller pro- 
portion (11%) felt dizzy, and in 6% there 
was amnesia with respect to events during 
the period of hypoxia. 

The measurements of psychomotor per- 
formance are summarized in Table 8. Re- 
sults have been expressed as a percentage 
of control values. In all except the primary 
thoracoplasty cases, hypoxia gave rise to 
a small but consistent decrease of initial 
response time, virtually no change of total 
response time, and a fairly consistent in- 
crease of error score. When the oxygen 
was first restored, the initial response time 
became even shorter, and the error slightly 
less. These changes are similar in type 
and magnitude to those previously observed 
in normal subjects.’ The primary thoraco- 
plasty cases both showed a response of the 
“depressive” type, slowing of initial and 
total response time occurring early during 
the period of oxygen lack. This type of 
response was not common in normal sub- 
jects, occurring mainly in cases showing a 
low minimum arterial oxygen saturation. 
One of the two primary thoracoplasties 
also showed a very marked “oxygen para- 
dox”—again, a feature typically associated 
with a low minimum arterial oxygen satura- 
tion. 

The initial arterial oxygen saturation 
readings were mostly quite close to the 
value of 99.4% observed in normal subjects 
breathing oxygen at the same altitude, only 
two being less than 97%. However, it may 
be significant that, where values were ob- 
tained before and after operation, the satu- 
ration was improved by operation. The 
minimum arterial saturation was in most 
cases less than normal. The average mini- 
mum for normal subjects was 69.3%, and 
79% of the patients were below this aver- 
age. Only one normal subject had readings 
that were consistently as low as 60%, but 
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28% of the patients had minimum readings 
of less than 60%. In quite a proportion of 
the patients resaturation was also delayed, 
24% (mostly cases with a low minimum 
arterial saturation) taking more than 20 
seconds to reach 95% saturation ; even after 
a minute the saturation was in many cases 
some way below the initial value, whereas 
in normal subjects the discrepancy at this 
time did not amount to more than 0.4%. 


Comment 


Before discussing the working capacity 
of the patients and specific hazards of flying, 
the basic disturbances of pulmonary func- 
tion will be considered in the light of pos- 
sible alterations in the mechanics of 
respiration produced by thoracic surgery. 

Physiological Consequences of Segmental 
Resection.—In the first few months after 
operation the principal abnormality is a 
low vital capacity; the maximum breathing 
capacity and fast vital capacity are also 
reduced, but this change is proportionate to 
the loss of vital capacity. The cause appears 
to be a temporary derangement of the tho- 
racic cage mechanism associated with divi- 
sion of the chest muscles and possibly parts 
of their nerve supply. There is no evidence 
that pain or general debility contributes to 
the loss of function, and the close repeat- 
ability of vital capacity readings (the last 
four often agreeing to within 50 ml.) makes 
it unlikely that the effort of the patient was 
limited by apprehension. Review of the 
literature * suggests that these immediate 
effects of operation have completely resolved 
within 6 to 12 months. 

If an interval of this order be allowed 
for recovery, the early results of segmental 
resection seem very good. There is typically 
no subjective evidence of disability, and 
even physiological tests show only slight 
departures from normality. A decline in 
vital capacity, proportional to the extent of 
operation, is the most consistent change. 
However, even an extensive operation gives 
a loss of only 10%-15% of the vital ca- 
pacity, and some distention of the remaining 
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pulmonary tissue must therefore occur at 
least during the test. Since the thoracic 
cage is restored to virtually full efficiency 
at this stage, the observed loss of capacity 
probably reflects the altered elasticity curve 
for the remaining lung tissue and its sup- 
porting structures. With a percentage of 
the pulmonary tissues removed, the elastic 
limit of the remainder is reached at a volume 
smaller than the preoperative capacity 
(Fig.). Other factors that could affect 
over-all chest elasticity (prolonged bed rest 
and pleural thickening) were probably un- 
important in the present series. 


Changes of expiratory reserve may also 
be interpreted largely in terms of the altered 
elasticity of the pulmonary tissues. In a 
normal healthy subject at the end of expira- 
tion, the elastic recoil of the lungs is exactly 
balanced by a tendency to expand on the 
part of the chest and diaphragm. Following 
resection, the “recoil” is diminished, and 
the resting position of the chest is shifted 
toward inspiration. However, the observed 
shift is rather large to attribute entirely to 
resection of 5%-15% of the pulmonary 
tissue ; other factors that may contribute to 
the altered chest position include an altera- 


Relaxation pressure curves for lungs and chest 
wall. Solid lines indicate conditions before and 
interrupted lines conditions after segmental re- 
section. 
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tion in pulmonary elasticity due to emphy- 
sema or fibrosis and an alteration in the 
tone of the respiratory muscles due to ex- 
citement and lack of familiarity with the 
apparatus, 

The fact that the elastic limit of the 
pulmonary tissues is reached with a smaller 
chest distention affects performance during 
the maximum breathing capacity test. Nor- 
mally, most subjects avoid the extreme 
inspiratory position where the muscles are 
acting at a poor mechanical advantage and 
the elasticity coefficient is increasing. Fol- 
lowing resection, the patient could perform 
the maximum breathing test in three ways: 
(1) operating over a fraction of the vital 
capacity where the mechanical advantage of 
the muscles is lower (e. g., 54=284% vital 
capacity instead of 64=—94% vital capac- 
ity) ; (2) operating over the normal range, 
the pulmonary tissues strongly resisting the 
peak of each inspiration (i. e., 6494% 
vital capacity), and (3) operating at a more 
rapid rate, with a corresponding reduction 
in the “swept fraction” of the vital capacity 
(e. g., 64=84% vital capacity with 50% 
increase of respiratory rate). 

In fact, most patients adopted a combina- 
tion of Procedures 1 and 2. The resulting 
drop in the efficiency of ventilation seems 
adequate to account for the small decrease 
of maximum breathing capacity that was 
observed. It is important to emphasize that, 
if the test had been performed at the slower 
respiratory rate suggested by some authors, 
most patients would have shown a greater 
apparent loss of breathing capacity. How- 
ever, it seems unrealistic to deny the pa- 
tients a method of compensation that is 
available to them during normal exercise, 
particularly as recent studies ® have empha- 
sized that quite good levels of alveolar ven- 
tilation can be achieved with respiratory 
rates as high as 160 breaths per minute. 
Where the pulmonary elasticity was fur- 
ther modified by complications, such as 
pleural exudate, even higher respiratory 
rates were observed, and there is reason 
to believe that in such cases rates as high 
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as 200 breaths per minute may be physio- 
logically advantageous during severe exer- 
cise. 


Changes in the parameters of fast vital 
capacity are also related to the altered chest 
mechanics. When a patient prepares for a 
fast expiration, the chest is expanded less 
than before operation. In consequence, the 
expiratory muscles are initially acting at 
maximum advantage, and there is a rapid 
acceleration of flow without the early lag 
seen in normal subjects. The unfavorable 
portion of the pulmonary pressure curve 
is also reached sooner, giving a more rapid 
deceleration. The relative overdistention of 
the lungs at peak inspiration probably pro- 
duces more expansion of the air passages 
than in normal subjects, and this explains 
why many patients show a peak expiratory 
gas flow that is much greater than normal. 
During a fast inspiration conditions are 
more like those in a healthy subject; the 
low gas flow during the later stages of the 
test may be due to an increased resistance 
to peak distention of the pulmonary tissues. 

The physiological dead space was con- 
siderably increased, particularly after opera- 
tions on the left upper lobe. Wallace and 
Pillman '* have recently shown by radio- 
graphic techniques that emphysema is par- 
ticularly liable to follow operations on the 
left upper lobe, and enlargement of the dead 
space would appear to be a part of this 
syndrome. The initial increase of 100-150 
ml. may be considered as an enlargement 
of the series dead space occurring mainly 
in tissues adjacent to the site of operation. 
With deeper respiration it is probable that 
the restraining influence of the pulmonary 
connective tissue limits further distention 
in this region, and the force applied by the 
inspiratory muscles is distributed more 
evenly to give a normal expansion of the 
remaining pulmonary tissue. If this hy- 
pothesis is true, it would explain why the 
increase of dead space has no obvious ad- 
verse effect on respiratory function; an 
increase in ventilation of 1.5 liters per min- 
ute at rest and 3 liters per minute during 
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exercise would counteract the larger dead 
space, and ventilatory changes of this order 
could be detected only by very careful test- 

An increased slope of the alveolar nitro- 
gen plateau has been widely accepted as 
evidence of emphysema. Recent observa- 
tions § have suggested that at least part of 
the slope is due to incomplete washing out 
of the dead space, and this is supported by 
a negative correlation between dead space 
and mixing efficiency in the present series 
of observations. However, if allowance is 
made for contributions from the dead space, 
the slope of the alveolar plateau is still 
greater than normal. The radiograms of 
Wallace and Pillman' suggest that the 
cause lies in kinking and distortion of the 
bronchi close to the site of operation, and 
inasmuch as there is usually emphysema 
distal to the kink, an increase in the slope 
of the alveolar plateau can be accepted as 
presumptive evidence of local emphysema. 

The response to hypoxic stress is close 
to normal. This is largely to be expected, 
since the resting pulmonary blood flow is 
not affected even by a procedure as drastic 
as pneumonectomy (Riley et al.1°). There 
is a correspondingly large reserve of pul- 
monary capillaries, and significant limitation 
of diffusing capacity would not be antici- 
pated except during exercise. The few cases 
with any suggestion of resting arterial oxy- 
gen unsaturation give further evidence that 
ventilation/perfusion relationships are well 
maintained after resection, with little 
“shunting” of blood through poorly venti- 
lated segments or bronchial stumps. 

Work Capacity of the Patient After 
Segmental Resection —The immediate prog- 
nosis of the successful case—and this in- 
cludes the majority of segmental resection 
patients—is clearly very good. Despite the 
potential problems of an increase in the cost 
of respiratory work (owing to derange- 
ments of the thoracic cage, enlargement of 
the physiological dead space, and uneven 
gas mixing) and a reduction in efficiency 
of the general body musculature due to pro- 
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longed immobilization, in practice the oxy- 
gen consumption for a given work load is 
not greatly increased,* and the effective 
ventilatory capacity of most patients is 
80%-90% of normal, as indicated by the 
vital capacity and maximum breathing ca- 
pacity tests. It is thus clear that, after 
convalescence is completed, they are phys- 
ically capable of returning to all except the 
heaviest of manual work. 

It has been suggested quite widely that 
the long-term prognosis of the segmental 
resection case is not so happy, since disten- 
tion of the remaining pulmonary tissues 
initiates the cycle of degenerative changes 
popularly described as emphysema. In fact, 
there is little human work to support this 
contention, since the operation has not been 
in general use for a sufficient period to 
permit long-term follow-up studies, and 
animal experiments have served mainly to 
emphasize a wide individual variation in 
the liability to emphysematous change.’® It 
may be that differences in the degree of 
recovery of the thoracic cage mechanism 
determine the extent of subsequent emphy- 
sema, and, if this be so, the vital capacity 
reading, considered in relation to body size, 
age, and amount of pulmonary tissue re- 
sected, would give an indication of the 
maximum acute stress that is being applied 
to the remaining pulmonary tissues. How- 
ever, there is evidence that distention of the 
pulmonary tissues occurs even during nor- 
mal quiet respiration. X-ray plates show 
increased translucency of the region adjoin- 
ing the site of operation, and measurements 
of functional residual capacity give a rough 
quantitative measurement of this distention. 
Its localized nature makes it, in some re- 
spects, a more serious problem. A 10% 
overdistention of the lungs as a whole would 
probably cause relatively little damage, but 
if a similar total distention occurs in a 
small fraction of the pulmonary tissues, it 
imposes a more serious stress that may 
lead to lung rupture, particularly if the 
segment concerned is weakened by the 
formation of bullae. Stretching of the lungs 
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could also cause reactivation of the tubercu- 
lous process. This would be a definite haz- 
ard if fibrocaseous areas persisted in other 
parts of the lung, but in most of the 
present series all diseased pulmonary tissue 
was removed, and recurrence could only 
occur from some focus outside of the lungs. 
The only serious long-term problem for the 
average segmental resection case is thus 
emphysema and its sequelae. Is there any 
virtue in limiting the work load with the 
object of preventing this condition? Present 
evidence is rather limited, but it would ap- 
pear that much of the distention occurs dur- 
ing ordinary quiet respiration, little further 
stress being thrown upon the lungs by 
deeper breathing; if this view is correct, 
then there is no advantage in limiting the 
patients’ activities after segmental resection. 
In the present series, admittedly followed 
for a rather shorter period, some of the 
worst results were seen in patients who had 
failed to exercise and had gained weight. 
It is fairly obvious that a gain in weight 
itself places a heavier load on the respira- 
tory system and carries with it an increased 
liability to coughing—a further potent fac- 
tor in producing emphysema. 

Specific Hazards of Flying—It seems 
fair to conclude from a survey of work on 
untreated tuberculosis* that in at least a 
proportion of cases flying, even at moderate 
altitudes, has an unfavorable effect on the 
subsequent clinical course. Responsible fac- 
tors include repeated exposure to low 
barometric presure (causing mechanical dis- 
semination of infection) ; rapid accelerations 
(3-6G causes considerable displacement of 
the thoracic viscera) ; low oxygen tensions 
(which may directly favor growth of the 
tubercle bacillus) ; a low relative humidity ; 
hyperventilation, and long operations (giv- 
ing general fatigue). In modern aircraft 
the routine hazards of low barometric pres- 
sure and chronic hypoxia are avoided by 
cabin pressurization, but new problems are 
posed by the dangers of cabin failure, pres- 
sure breathing, and acute hypoxia during 
escape from aircraft at very high altitudes. 
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The physiological response of segmental 
resection cases to stresses of this type has 
not been discussed by previous authors. The 
present results show that the resistance to 
acute hypoxia was largely comparable with 
that of normal subjects. A slightly lower 
minimum arterial saturation was reached, 
but most of the patients had a good psycho- 
motor performance at the end of a 10- 
minute period of fairly severe hypoxia. 
Greater danger may be caused by chest 
distention during pressure breathing. De- 
spite the development of counterpressure 
devices, there is an increase of 500-1000 
ml. in the expiratory reserve of normal 
subjects ‘7 when the breathing pressure is 
first increased. Three factors make the situ- 
ation less favorable after segmental resec- 
tion. 1. Owing to an alteration in pulmonary 
elasticity, a given pressure differential be- 
tween lungs and counterpressure garment 
produces a larger chest distention. 2. The 
initial lung volume is larger. 3. The available 
vital capacity is smaller, and acute (burst- 
ing) stress is applied to the pulmonary 
tissues after a correspondingly smaller ex- 
pansion of the lungs. 

If pressure breathing commenced during 
the inspiratory phase of respiration, it 
seems feasible that the chest could reach a 
position equivalent to 80% or more of the 
expected normal vital capacity; in a case 
of lobectomy the lung would therefore 
suffer relative overdistention, and, if this 
occurred suddenly, it might lead to lung 
rupture. However, it should be pointed out 
that the danger is no greater than that 
encountered during the vital capacity test, 
except with respect to the speed of disten- 
tion. The hazard can be minimized by 
paying particular attention to the fit of the 
counterpressure garment and adjusting the 
capacity of the oxygen regulator so that 
pressurization develops over the space of 
five seconds or more. The stress on the 
lungs is then less acute, and inspiration 


does not persist throughout the period of 
pressurization. 
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Choice of Operation for Flying Person- 
nel.—Heated controversy has raged over 
the relative merits of thoracoplasty and 
segmental resection during the past few 
years, and although most thoracic surgeons 
have now decided that resection is the pro- 
cedure of choice, there are still some (for 
example, Sellors'*) who champion the 
older established procedure of thoracoplasty. 
The arguments advanced by the two schools 
of thought are well known. Those favoring 
resection have pointed out that thoracoplasty 
causes a wholesale derangement of the 
mechanism of the thoracic cage and leads 
to the collapse of much healthy tissue. It 
is further necessary to carry out the opera- 
tion in several stages, and the final period 
of convalescence is longer than for segmen- 
tal resection cases. The exponents of 
thoracoplasty have maintained that tubercu- 
losis is essentially a widespread disease, 
and segmental resection fails to remove 
potential sources of reinfection, such as 
diseased mediastinal glands and secondary 
tuberculous foci elsewhere in the body. 
Further, it has been argued that the surgeon 
may be forced to remove a_ substantial 
amount of healthy pulmonary tissue during 
the course of the resection. Both mortality 
and recurrence rate slightly favor segmental 
resection, but differences in the clinical re- 
sults are quite small, and it would seem 
preferable to decide the relative merits of 
the two types of operation on functional 
grounds. 

Much depends on the outlook of the 
patient and his physician. From the stand- 
point of the Royal Air Force and also of 
many of the flying personnel, the 5- and 
10-year prognosis is of more importance 
than the 50-year prognosis. Thinking purely 
in terms of the first few years after opera- 
tion, there can be no question that a better 
functional result is given by segmental 
resection. Segmental resection patients have 
not been followed in large numbers for a 
sufficient period of time to speak dogmat- 
ically on the long-term prognosis, but there 
does appear some risk of emphysema de- 
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veloping in parts of the remaining pulmo- 
nary tissue. The present results suggest 
that a limited secondary thoracoplasty, 
while seriously restricting the vital capacity, 
has no beneficial effect on any of the other 
available measures of pulmonary distention 
(expiratory reserve, dead space, and non- 
uniformity of alveolar nitrogen). Follow- 
ing extensive primary thoracoplasty, the 
dead space is of more normal size, and it 
may be concluded that distention of the 
lungs has been avoided. However, some of 
the ill-effects of emphysema, particularly 
unevenness of gas distribution, are appar- 
ently produced equally effectively by thoraco- 
plasty. Further, if the evidence of animal 
experiments '® may be applied to man, em- 
physema is marginal or nonexistent in more 
than half the cases in which as many as five 
segments have been removed, and in the 
remainder it is confined to the homolateral 
lobe of the lung. Very extensive emphy- 
sema would have to develop in one lobe for 
the loss of respiratory function to approach 


the changes seen immediately after thoraco- 


plasty. The only physiological argument 
that remains against segmental resection in 
flying personnel is the increased risk of 
pulmonary rupture during pressure breath- 
ing, and most persons would prefer this 
risk to the continual functional loss im- 
posed by thoracoplasty. The latter operation 
should properly be reserved for the man- 
agement of older patients with a preexisting 
tendency to emphysema and for the treat- 
ment of specific complications, such as 
bronchopleural fistulae. 


Summary 


Pulmonary function tests have been car- 
ried out on a group of R. A. F. personnel 
receiving surgical treatment for pulmonary 
tuberculosis. The series included 36 seg- 
mental resections seen one year or more 
after operation; 3 segmental resections seen 
before and a few months after operation; 
5 secondary thoracoplasties, and 2 primary 
thoracoplasties. 
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The segmental resection cases showed a 
decrease of vital capacity that was less than 
the volume of pulmonary tissue resected, 
and there was other evidence of pulmonary 
distention, including an increased resting 
expiratory reserve, a high peak of expira- 
tory gas flow, enlargement of physiological 
dead space, and uneven gas mixing. This 
distention was apparently confined to tissues 
adjoining the site of operation or, at most, 
affected the homolateral lung. This degree 
of distention presented no _ physiological 
problem to the patients; the ventilatory ca- 
pacity (measured by maximum breathing 
and fast vital capacity tests) was reduced, 
but no more than the vital capacity, while 
the response to a 10-minute period of hy- 
poxia was within normal limits. It was 
concluded that the patients should be capable 
of all except the severest manual work, and 
that the only hazard of a full flying category 
was a slightly increased chance of pulmo- 
nary rupture during pressure breathing. 

Secondary thoracoplasty was found to 
produce a considerable further loss of 
breathing capacity, with no physiological 
evidence that distention of the pulmonary 
tissues had been reversed. Primary thoraco- 
plasty produced an even more serious 
functional loss, and although pulmonary 
distention was apparently prevented, there 
was still considerable nonuniformity of gas 
distribution. It was concluded that, while 
thoracoplasty might have a place in the 
management of older patients with a ten- 
dency to emphysema and in the treatment of 
specific complications, segmental resection 
was the treatment of choice for flying 
personnel. 

The patients were under the care of Air Com- 
modore Rumball, Sir Geoffrey Todd, and Dr. 
Douglas Teare who allowed access to their records 


and gave guidance on the clinical aspects of this 
study. 


Department of Preventive Medicine and Indus- 
trial Health, College of Medicine, University of 
Cincinnati (19), 
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Teaching Occupational Medicine at the University of 
Oklahoma School of Medicine 


JEAN SPENCER FELTON, M.D., Oklahoma City 


In the redesign of a clinical teaching pro- 
gram new formats are created to make the 
learning situations more meaningful. 
Changes are indicated by the gain of greater 
insights resulting from the broadening and 
deepening of our knowledge of man’s needs. 
Whereas it is frequently subject matter of 
long standing that is refurbished, often new 
course material is added that is necessitated 
by our technologic gains and altered social 
forces. 

Given emphasis in the past year has been 
the introduction of instruction in occupa- 
tional medicine in the undergraduate cur- 
riculum.!* This has been accomplished with 
varying intensity at certain medical centers, 
and at others it has been left assiduously 
alone or injected with rather desultory ef- 
fort. That the methodology of teaching 
medicine and preventive medicine at the 
University of Oklahoma has undergone 
change has been evidenced by recent descrip- 
tions of the substitution of a “longitudinal” 
system of patient follow-up in the general 
medicine clinic in place of the former 
“block” system,® the establishment of a com- 
prehensive medical care program for pa- 
tients from certain counties,® and the utiliza- 
tion of home visits for instructional pur- 
poses.’ Three years ago * occupational medi- 
cine was added to the curriculum, based 
primarily in the Department of Preventive 
Medicine and Public Health with crossties, 
however, in the Department of Medicine. 
Although many activities relating to facets 
of industrial health characterize the pro- 
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gram, only those features that stress the 
teaching framework will be described. 


First-Year Lecture 


A single hour’s lecture on occupational 
medicine is included in a series given the 
first-year students. The hope is that these 
weekly sessions—originating in the Depart- 
ment of Medicine—will bring to the student 
still in the basic sciences an early touch with 
things clinical, will give him the feel of 
medicine as a physician-patient relationship, 
and will enable him to savor of medicine 
as an art. 

Historical highlights of medicine and oc- 
cupation are brought to the student for this 
single tasting, are appropriately flavored 
with handlings of the old tomes and view- 
ings of the industrial medical masters, and 
are served with a quick ‘ook at the new. 
In capsule form the student has a rapid run 
through the ages, from lead poisoning, 
silicosis, mercurialism, and irradiation der- 
matitis to the current scenes of studied 
color schemes for workrooms, plants built 
according to the designs of Frank Lloyd 
Wright, piped-in music, and the guaranteed 
annual wage. Always emphasized, never re- 
linquished, is the close interweaving of 
health and work. 


Second-Year Lectures 


As part of a course in preventive medi- 
cine, rather loosely designated “Principles 
of Epidemiology,” two afternoons of three 
hours each have been given the sophomore 
class in Introduction to Occupational Medi- 
cine. To establish an interest, techniques 
are utilized which are most unorthodox in 
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teaching but which seem to reap the rewards 
of attention and some absorption. 

As an introductory lecture, a typical day 
in the life of an industrial physician is 
given, from the moment he leaves home in 
the morning until he returns that evening. 
Following the timed-event sequence em- 
ployed in the radio and television show, 
“Dragnet,” the events of medicine in in- 
dustry are retold, with synthetic names for 
the persons mentioned but with genuine 
case material for the clinical story. Replete 
with somewhat ludicrous commercials and 
station breaks and with the monotone of 
Mr. Webb simulated by the lecturer, the 
picture of eight full hours of industrial 
medical practice is recast into a form not 
unknown to the student. Its reception has 
been high. 

Following this, a film* on occupational 
medicine is shown, and then a discussion 
ensues, reviewing specific features of the 
story. 

On the second afternoon, a lecture with 
slides is given, utilizing as a theme the old 
and the new in life in America. By means 
of a constant perusal of industrial and popu- 
lar magazines, illustrations of early manu- 
facturing, farming, commercial, and home- 
making processes are readily obtained. 
Through a similar pursuit of photographs 
of contemporary systems in the “slick” 
journals of business and industry, contrast- 
ing pairs of skills are obtained, on which 
the lecturer bases his remarks. 

Why these visual aids? Because in re- 
viewing the ways of treating the goods 
for living or for developing or perpetuating 
our culture, the stresses inherent in these 
processes can be pointed up. The stresses 
are those of the industrial revolution, of oc- 
cupational illnesses, of monotonous work, 
of deadlines imposed upon creative workers, 
of fragmented jobs, of the continuum of 


*So far, the General Motors Corporation film, 
“Doctor in Industry,” has been used. It is ob- 
tainable from the Department of Public Relations 
of the Corporation and is a sound film in black 
and white. The material, although pertinent at 
the time of the film’s production, is now somewhat 
dated, and a new motion picture is greatly needed. 
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assembly-line activities or of inhuman rela- 
tions on the job, and, more recently, of the 
bogy of automation. Interspersed with these 
comments are brief discussions of methods 
developed to combat these ills, so that work 
can become truly a creative, rewarding, and 
significant segment of life. Be the scenes 
those of farming in yesteryear or of today’s 
mechanical harvesters with their high life 
toll, material of occupational health per- 
tinence can be extracted from the photo- 
graphs and drawings, and problems in 
worker-work relationships demonstrated 
with a contageous enthusiasm. This allows 
the student also to learn of the progress 
made over the centuries in protecting the 
craftsman, the housewife, the factory em- 
ployee, and the sales person against the 
hazards of his or her calling. Through these 
comparative slide pairs, the industrial medi- 
cal past, present, and future of the working 
man—again, in 7elationship to the world 
around him—can be told. 


Fourth-Year Lectures 


The bulk of the instruction takes place 
in the senior year, when there has been 
sufficient clinical experience to bulwark the 
material offered in this discipline. Basically, 
22 hours of lecture are given, beginning in 
June and carrying through the following 
May. In many of these the standard lecture 
format is used, whereas in others a recon- 
figuration is attempted. Initially, lectures 
are given, and then, as the year advances 
and other visiting faculty members appear, 
lectures give way to informal conversations 
or questions and answers passed between 
the full-time instructor and the visiting 
lecturer. On other occasions, although 
rarely, a panel of both faculty members and 
outside specialists will be asked in to open 
with a few comments, and then the session 
is converted to a round-table discussion with 
close adherence to the topic, the instructor 
serving as moderator and the students hav- 
ing the opportunity toward the end of the 
hour of presenting questions. 
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Vitality is given the lectures not only by 
efforts at good public speaking but also 
through use of a broad selection of visual 
aids to point up the subject matter given 
verbally. Through a matching of the lec- 
ture titles and the demonstration items, a 
clearer understanding may be had of the 
visual aids ; for example: 


Lectures Visual Aids 
Slides showing plants; sam- 
Industry in ples of finished products 
Oklahoma (brick, glass, television tube, 


pottery, petroleum products, 
clothing, paper) 


Series of slides of airbrush 


cartoon drawings showing 
A steps in the preplacement 
trial i edical physical examination, pre- 


ventive care for the well 
employee, and emergency 
care for the ill or injured 
employee 


program 


Conducting a pre- 
placement physical 
examination 


Slides showing physical de- 
mands and capacities anal- 
yses, rating scales 


Slides of gainfully employed 
persons with physical limi- 
tations in all types of job 
from the home-bound to 
those in large industries 


Placement of the 
physically handi- 
capped in industry 


Samples of raw materials 
(rock, dust, elemental 
metal), slides of worksites 
(mines, underground drill- 
ing, mills, plants, labora- 
tories), samples of inter- 
mediate chemical products, 
samples of finished products 
(Fiberglas, asbestos, radio- 
active materials, beryllium 
alloy tools, plates from elec- 
tronmicroscope, felt, etc.), 
chest films ard _ sections 
of industrially affected lung, 
-slides of patients with oc- 
cupational illnesses, photo- 
micrographs, etc. 


Occupational health 
hazards 


+Gross and also unstained sections made ac- 
cording to the technique of Gough. 
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Slides of line-drawing car- 
toons depicting basic meth- 


ods of control, slides of 
engineering control devices 
in place (local exhaust ven- 
tilation with lateral-, up-, or 
down-draft, fans, collectors, 
and hoods, model of control 
device on metal cutting 
equipment) 


Occupational health 
hazard control 


Copies of Oklahoma laws 
(workmen’s compensation 
and occupational disease leg- 


Workmen’s com- islation) and report forms. 


pensation Slides of skin lesions, sam- 
Sassy ples of hand cleansers, pro- 
ndustria tective creams, protective 
dermatoses 


clothing, and slides showing 
change room and wash-up 
facilities 


A large collection of 35 mm. color slides 
makes possible the acquaintance of the stu- 
dents with many kinds of industrial ex- 
posures, and the opportunity to see, touch, 
or smell specimens of ore, solvents, chemi- 
cals, and finished products, in themselves 
hazardous, renders these etiologic agents of 
occupational diseases considerably more sig- 
nificant. Industrial organizations have been 
extremely cooperative in furnishing samples 
of their products at all stages of processing 
and photographs of the manufacturing steps 
involved. Colleagues in occupational medi- 
cine, chest diseases, dermatology, and trau- 
matic surgery have shared willingly photo- 
graphs of their clinical material. A wealth 
of material may be gathered merely by 
perusing the magazines each week, for many 
of the illustrations used in the advertise- 
ments can be employed to illustrate prob- 
lems in occupational health, on-the-job 
stress, changes in manufacturing methods, 
and the like. 

At one time*® it was suggested that a 
central clearing house be created, possibly 
the Council on Industrial Health of the 
American Medical Association, where 
sources of teaching aids could be listed, and 
where those who had access to duplicates of 
radiographs, raw materials, etc., could be 
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brought in contact with those in need. So 
far, this has not been developed. 

Another technique which relates industrial 
health to the world around us has been used 
to introduce the lectures on occupational 


health hazards. Emphasizing our custom 
of accepting marketable goods “so much for 
granted,’ many items in the lecture room 
are pointed out as having rich tales of mor- 
bidity and mortality to tell, were we merely 
to go behind the scenes of the things we 
live with every day. At ceiling height, for 
example, the present day fluorescent lamp 
recalls the tracking down of the causative 
agent in the early days of berylliosis and 
following with a change in the phosphor 
materials. The acoustical tile, often made 
from cane residue, bespeaks the pulmonary 
condition, bagassosis. The paint on the 
walls, the clothing made of synthetic fibers, 
the polystyrene beads on the projection 
screen all have a full lore of solvent in- 
toxication behind the contacts with their 
workers. The aluminum rivets in the seats 
suggest the violent foreign-body reactions 
following the accidental embedding of light 
metal particles in the conjunctiva or skin. 
The weld seen in the metal table naturally 
suggests the topic of metal fume fever. And 
so it goes, and can go, in any lecture room, 
where an imaginative speaker can breathe 
medical life into these everyday commodi- 
ties through a retelling of the illnesses and 
deaths that have accompanied their creation. 

At the end of the year’s course a critique 
is requested, to be submitted anonymously 
by each student, discussing the course con- 
tent, methods of presentation, and the ex- 
periences had during the field trip. These 
reviews run the full course from praise to 
damnation, spotted with infrequent wordy 
ecstasy or accusations of teaching “social- 
ized medicine.” In any event, these are 
revealing and are used to pattern the pro- 
gram the following year. In a new curricu- 
lum rigidity seems out of place, and varying 
approaches must be tried and different ma- 
terial presented until the content shakes 
down to those items and systems of pre- 
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sentation most productive of learning and 
interest. 

On completion of the third year of this 
new course, in addition to the written cri- 
tique, an hour was devoted to a verbal 
review, held in group discussion format 
with a completely permissive climate. This 
hour introduced another type of session, 
one which has been used extensively 
throughout the medical center for problem 
resolution through group analysis and plan- 
ning. The usual concomitants of such a 
meeting appeared, and the ventilation and 
suggestions were of worth and constructive. 
Apart from the annual “Gridiron,” the 
evening of faculty roasting, rarely are the 
students allowed free discussion elsewhere, 
and this introduction was valued. 


Fourth-Year Clinic Experience 


In groups of two or three students, the 
seniors have two four-hour morning ses- 
sions in the Health Service, whose director 
and assistant director are members of the 
Department of Preventive Medicine. 
Through arrangements with the Oklahoma 
Goodwill Industries, Inc., their employees— 
nearly all of whom are clinic-eligible—have 
preplacement, periodic, and special physical 
examinations performed by the fourth-year 
students as part of a practical experience 
in occupational medicine. 

As nearly all our students remain in 
Oklahoma after graduation, and as 70% 
enter general practice, the teaching is pre- 
mised on the fact that each will be carrying 
out a certain number of industrial medical 
activities in his office or, at best, going to 
an industrial plant, or plants, for a few 
hours each week. The sessions held in the 
Health Service parallel this concept. The 
first morning begins with a 45-minute orien- 
tation period, wherein the objectives and 
functions of the Goodwill Industries, the 
use of the clinical forms, the purposes of 
examining the well person, and the policies 
and procedures of the Health Service are 
outlined. Following this, the students are 
taught the operation of the audiometer and 
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the Ortho-Rater, and then proceed to ex- 
amine their assigned patients. 

Each patient has one or more physically 
limiting conditions, for the 156 employees 
of this particular organization in Oklahoma 
City represent congenital anomalies, illness 
and injury residua, both static and progres- 
sive disease states, convulsive disorders, 
mental retardation, disturbances of the sen- 
sory organs, and combinations of any two 
of these. Because of this, the clinic experi- 
ence becomes an exercise in evaluation of 
a patient’s capacities for work, irrespective 
of the disability shown. During the last hour 
and a half of each morning, the students 
reconvene with the instructor and are joined 
by the student nurse(s) assigned to the 
Health Service for her two weeks’ training 
in industrial nursing.® After the student 
presents the patient’s history and pertinent 
physical findings and offers some appraisal 
of his emotional and mental capacities, the 
patient is brought in, and in an informal 
interview setting the instructor attempts to 
bring out the person’s feelings about his 
disability, his adjustment pattern, his skills 
in carrying out the activities of daily living, 
and his rehabilitation or employment experi- 
ences. Further, the interview is carried on 
in not too heavy a vein, and the patient’s 
conditions are discussed casually and forth- 
rightly. This is mentioned, for one of the 
objectives of having the student work with 
the physically marginal person is to provide 
him opportunity to overcome his own ap- 
prehension in contacting persons with severe 
deformities or functional limitations. Early 
conversations with the first groups of stu- 
dents undergoing this experience revealed 
this discomfiture. Every effort is made 
through precept and practice to demonstrate 
that a better service can be given the handi- 
capped—and with greater acceptance—when 
the rapport is strong and the understanding 
and sincerity are solid. The practitioner 
who is uncomfortable transfers this feeling 
to the patient, and less can be accomplished 
therapeutically or rehabilitationwise. Neither 
the physician nor his suggested regimen will 
be accepted. 
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Following the interview with the Good- 
will Industries employee, the problems of 
job placement, reengineering of the job, 
occupational health hazards, hazard control, 
medical management of the primary and 
other conditions, clinical and occupational 
prognosis, and rehabilitation possibilities 
are discussed informally. These sessions 
are of special worth, for in few other clinics 
are patients seen who are so highly moti- 
vated toward working, who have such re- 
markable disabilities (physical but not 
occupational), and who, much to the stu- 
dent’s consternation, have no “chief com- 
plaint,” the initial datum in any history 
recording. Through utilization of these per- 
sons as patients, one can review multiple 
phases of occupational health without re- 
moving oneself from the patient at hand. 


Fourth-Year Field Trip 


At the edge of Oklahoma City is the 
State’s largest industry, and the world’s 
largest air maintenance depot, Tinker Air 
Force Base, with 21,000 employees. With 
a complete medical department and indus- 
trial hygiene service, it is used as the site 
of field experience for the students in medi- - 
cine and nursing.® For a full morning medi- 
cal students in groups of four to six go to 
the Base, where an Air Force industrial 
hygienist takes the group on a plant walk, 
demonstrating specific work areas, poten- 
tially hazardous materials, and the control 
devices or systems utilized to prevent the 
inhalation, ingestion, or intinction of these 
toxic materials. Each student receives a 
booklet descriptive of the functions of T. A. 
F. B. and a drawing which shows his course 
through the plant and the hazardous items 
he has seen under engineering or other 
methods of hygiene control to prevent ab- 
sorption by the workers and possible in- 
toxication. 

At the end of the tour the students are 
shown the medical department by the medi- 
cal director, and a brief description is given 
of its operation, plus a discussion of a pa- 
tient or a problem that presented itself for 
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resolution that week. This allows for cur- 
rency in the field trip and avoids duplication 
of material that might have been covered 
previously in some of the lectures. Of 
course, the students are shown the jet 
bombers and the huge refueling planes on 
the overhaul line, which represent finished 
products of an unusual, slightly overawing 
dimension. From this trip a true feeling of 
industry in action is obtained, and the ob- 
server can see the impact of stress on man 
and its control, adaptation, or tolerance as 
these might be developed by the workman 
to handle the stress. 


Fourth-Year Teaching in the 
Medicine Clinic 

Through prearrangement with one of the 
full-time members of the Department of 
Medicine, joint teaching sessions—medicine 
and occupational medicine—have been held 
in the Medicine Clinic. Students are as- 
signed patients early in their day, patients 
that present some historical items or physi- 
cal findings of potential discussional worth 
in the area of occupational health. 

In early afternoon, in groups of three 
to six students, with both the instructors 
present, certain students will present their 
patients. The discussion or questions and 
answers to follow will take the directions of 
straight clinical medicine, as exemplified by 
the patients or the job adjustment or re- 
habilitation connotations of the patient as a 
person at work or one feasible for a return 
to gainful employment. The same features 
as those reviewed in the Health Service 
teaching sessions are brought up for dis- 
cussion but with the added advantage to the 
student of having a pair of faculty members 
present who are at home in medicine per se 
and in its application to the contemporary 
work scene. This brings home to the under- 
graduate the close relationship between the 
man’s physical and emotional status and the 
job of work he can do. This interdigitation 
of the two categories in medicine, in this 
outpatient setting, bespeaks integration in 
education at its best. 
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Comment 


The description given here covers in some 
detail what might appear in a medical school 
catalogue. Not outlined, however, are the 
informal group discussions, the conferences 
with department heads, the extended activi- 
ties of the Health Service, the consultant 
functions throughout the Medical Center, 
all of which, in a sense, teach. 

Is this the curriculum for all time? Ob- 
viously it is not, for as rapidly as our 
industrial society alters its ways of doing 
things, so must we who teach the medical 
concomitants retailor the design in educa- 
tion. It is industry that has brought the 
United States to its present position in the 
family of nations. With our standard of liv- 
ing paralleling our industrial growth, today’s 
student must have a keen awareness of the 
impacts on his patients of their work ex- 
periences. Without this, the practitioner-to- 
be treats but a part of his patient. 

What is deemed of value in today’s teach- 
ing program in occupational medicine may 
be torn apart by a change in the world’s 
course, or it may have additional demands 
made on it when interplanetary travel, 
atomic power for transportation, heat, and 
light, and newer forms of applied energy 
become commonplace. In this light, the 
ivory tower can never be the habitat of 
occupational medicine. 


Summary 


A teaching program in occupational medi- 
cine at the University of Oklahoma School 
of Medicine has been in effect three years, 
consisting of lectures, practical experience 
in the Health Service of the Medical Center, 
field trips, and a variety of teaching con- 
ferences. The greatest number of hours is 
given the student. Intro- 
ductory materials are presented to the first- 
second-year students through the 
Department of Preventive Medicine and 
Public Health and the Department of Medi- 
cine. 


fourth-year 


and 
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This has been an addition and change 
among several curricular alterations at the 
School of Medicine in order to prepare 
the student for a broader concept of the 
patient as a member of our contemporary 
society. 


REFERENCES 


1. Kehoe, R. A.: The Need to Teach Industrial 
Health to Medical Students, J. A.M.A. 152:1262 
(July 25) 1953. 

2. Training in Occupational Medicine: Report 
of the Committee on Education and Training, 
Industrial Medical Association, 1954, Indust. Med. 
23 :360 (Aug.) 1954. 

3. Felton, J. S.: Instruction in Occupational 
Medicine at the Undergraduate Level: Report of 
the University of Oklahoma Workshop, Indust. 
Med. 24:251 (June) 1955. 

4. The Education of Physicians for Industry— 
Undergraduate, Postgraduate, Graduate: Report 


of a Conference on the Education of Physicians 
for Industry, Mellon Institute for Industrial Re- 
search, Pittsburgh, Dec. 6-8, 1955, J. M. Educ. 
31:1-90 (March, Pt. 2) 1956. 


5. Bird, R. M., and Wolf, S.: Teaching In- 
ternal Medicine at the University of Oklahoma 
School of Medicine: A Program for Under- 
graduates, J. A.M. A. 154:408 (Jan. 30) 1954. 

6. Colmore, J. P.: Comprehensive Medical Care 
Program at the University of Oklahoma School 
of Medicine and the University Hospitals, South. 
M. J. 47:897 (Sept.) 1954. 

7. Schottstaedt, W. W., and Gwinn, M. E.: 
The Social Worker as a Teacher in Medicine: 
With Special Reference to the Home Visiting Pro- 
gram at Oklahoma University School of Medicine, 
J. A.M.A. 161:318 (May 26) 1956. 

8. Felton, J. S.: Increasing the Awareness of 
Occupational Medicine in a Medical Center, 
J. A.M. A. 156:1240 (Nov. 27) 1954. 

9. Felton, J. S.: Educational Trends in Indus- 
trial Nursing, to be published. 


{ 


I. Environmental Factors 


Introduction 


Tricresyl phosphate (TCP), particularly 
the ortho isomer, has been incriminated as 
a toxic substance. There are numerous ref- 
erences in the literature to intoxication 
resulting from ingestion of foodstuffs adul- 
terated with triorthocresyl phosphate. Labo- 
ratory studies give further evidence of 
toxicity. However, there are only a few 
and inconclusive reports of industrial poi- 
soning from this substance. 

TCP is an ingredient of a number of 
synthetic oils manufactured to specific speci- 
fications for particular purposes, among 
which are testing, special lubrication, fog- 
ging, etc. Recent formulation of a mixture 
of triaryl phenyl phosphates specifically de- 
signed for use as a heavy-duty hydraulic 
fluid has created the possibility of wide- 
spread exposure to TCP and other ingredi- 
ents of this liquid. This development has 
stimulated an environmental and _ clinical 
study of personnel engaged in the manufac- 
ture of these substances. 

A complete industrial hygiene evaluation 
was carried out in a plant where a number 
of organic phosphates, including TCP, have 
been manufactured for 30 or more years. 
’ This plant was singularly suited to a clinical 
and environmental study, since the work- 
ing population is homogenous with a long 
average duration of employment; the per- 
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sonnel are all exposed to essentially the 
same chemicals and working conditions ; 
the operations, and therefore the exposures, 
have not changed significantly since their 
inception; there have been no work stop- 
pages, and production has not fluctuated but 
rather tended to increase steadily. It may 
therefore be deduced that environmental con- 
ditions described in this study are essentially 
representative of those which have prevailed 
throughout the years. 

The purpose of this paper is to describe 
the environmental conditions which were 
found (Part I). The clinical findings in 
relation to exposure to the end-product, 
which will be designated in this report as 
tricresyl phosphate but which may contain 
a mixture of triaryl phenyl phosphates, are 
described in a separate publication (Part 
IT). 


Operations 


The products manufactured are designated 
by the manufacturer as triaryl phosphates 
or tricresyl phosphates, although they will 
all contain mixtures of triphenyl, tricresyl, 
and trixylyl phosphates as well as, in some 
cases, triphosphates of higher alkyl substi- 
tuted phenols. The exact formulation will 
depend on the desired physical and chemical 
characteristics of the end-product. The 
term triaryl phosphate is a generic term 
which includes all the phosphates used in 
the products manufactured. The specific 
phosphates mentioned above, including tri- 
cresyl phosphate (which may contain vary- 
ing percentages of the ortho isomer), are 
listed to indicate that the products manu- 
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factured in the plant under study may con- 
tain various organic phosphates. The content 
of triorthocresyl phosphates will vary up to 
20%. 

Some products, such as a particular hy- 
draulic fluid, are manufactured to specifica- 
tions which require a limited content of the 
ortho isomer. Depending upon the amount 
of tricresyl phosphate present, the products 
are described as either triaryl phosphates or 
tricresyl phosphates. Although they are not 
oils in the usual sense of the term, they 
are frequently referred to as such because 
of their physical characteristics. 

Briefly, the process, which is a batch-type 
operation performed on three shifts, is as 
follows: 

The alkyl phenols are charged into a com- 
pletely enclosed retort. Fuming phosphorus oxy- 
chloride is piped into the retort in a closed system, 
and the contents are esterified at 150-200 C for 
eight hours. Hydrochloric acid is recovered as a 
by-product in a second level of this building. The 
crude product is piped into a second completely 


enclosed retort, and sulfuric acid added to remove 
unsaturated compounds. 

The acid is separated off, and the treated crude 
product piped to one of three open tanks where 
it is washed with three separate portions of water 
to remove impurities and then treated with caustic 
solution to neutralize the residual acid. The neu- 
tralized crude product is piped to one of three 
vacuum stills, the distillates from which discharge 
into a holding tank. Oil from this holding tank 
is decolorized by the addition of permanganates 
and oxalates in two open kettles maintained hot. 
It is then treated with fuller’s earth for a final 
clarification, filtered, and piped to storage tanks. 

Every week or 10 days one of the stills is taken 
out of production for cleaning. It is allowed to 
cool 36 hours, soaked with cold water 24 hours, 
and the carbonaceous residues manually scraped 
from the inner walls. 


Environmental Conditions 


An analysis of the operations indicates 
that an exposure potential, both skin con- 
tact and inhalation, exists in various parts 
of the plant. All workers within the plant 
are exposed to inhalation of ihe general 
room-air concentrations of contaminant as 
well as the concentrations at the particular 
operations to which they are assigned. 
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An examination of the workers’ gloves 
and clothing, work spaces, pipes, ledges, etc., 
revealed an accumulation of oil which pre- 
sented a potential of continual casual skin 
contact and absorption over and above that 
which may be encountered normally or acci- 
dentally as a result of the conduct of the 
operations. 

The following operations and processes 
are of particular interest: 

1. Reaction Building.—The reaction, sat- 
uration, and hydrochloric acid reclamation 
are carried out in closed systems by one 
man per shift in a building, approximately 
20 by 50 by 20 ft., equipped with mechanical 
and natural general exhaust ventilation. Ex- 
posure in this building is principally to hy- 
drochloric acid and phosphorus oxychloride. 
Concentrations of the former are minimal. 
The latter, which is a violently fuming 
liquid, will not constitute a usual atmos- 
pheric contaminant but may at times be 
present as a result of leaks in gaskets, 
valves, etc. 

In this connection there is reason to be- 
lieve that a number of years ago this reac- 
tion was conducted in such a manner that 
phosphorus oxychloride fumes contaminated 
not only this workroom but the entire plant 
as well. 

2. Purification Building. —The crude prod- 
uct is piped into an adjacent building, about 
50 by 150 by 60 ft., where all subsequent 
significant operations are performed. 

(a) Washing: The product is washed 
with successive portions of water and a final 
caustic solution neutralizing wash in open 
tanks, located in a small room, 12 by 12 by 
15 ft. The oil is introduced by means of 
high-velocity nozzles, and the process is sub- 
ject to constant agitation. This introduces 
a possibility of skin contact as well as in- 
halation of TCP vapor and mist by the two 
men tending these operations on shift. The 
operation, and therefore the exposure, is 
intermittent. 

(b) Distillation: The washed oil is trans- 
ferred to three vacuum stills, located in a 
room 30 by 50 by 20 ft. One or two men 
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per shift tend these stills. The distillate is 
piped to holding tanks. Exposure is mini- 
mal. 

(c) Decolorizing: The distilled oil is 
piped to two reaction kettles and heated 
with agitation. Permanganates and oxalates 
are added for decolorization purposes 
through permanently open ports. The prog- 
ress of the reaction is checked very fre- 
quently by visual inspection through the 
open holes and by withdrawal of samples. 
One worker per shift tends these kettles. 
The high reaction temperature, the agitation 
of the fluid, the evidences of unusual 
amounts of accumulated oil in the immediate 
vicinity, and the need for the worker to re- 
main in close proximity to the kettles indi- 
cate a high degree of exposure to skin 
contact and inhalation of TCP mist and 
vapor. 

(d) Filtration: The decolorized oil is 
piped to a tank on the floor below and 
fuller’s earth occasionally added through a 
port in the floor above. The mixture is sub- 
sequently filtered. The heat of the liquid 
and its agitation cause a strong ebullition 
each time the earth is added, with visible 
evidences of release of air-borne contami- 
nants. However, this operation does not re- 
quire the full-time attention of a worker, 
and exposure is very intermittent and low. 

(e) Filling: The decolorized and clari- 
fied oil, the final product, is pumped into 
storage tanks for bulk shipment or drum 
filling. One worker per shift tends these 
operations with insignificant exposure. 

(f) Still Cleaning: A still is cleaned 
every 7 to 10 days by the two yard men, 
who perform drum filling and miscellaneous 
outdoor operations as well. One man cleans, 
and the other acts as safety stand-by man, 
alternating in these tasks periodically. The 
residues, which are gummy, are chipped and 
scraped with manual tools by a worker who 
wears an organic vapor respirator. An air- 
line respirator is available but is not usually 
used. A compressed air line is used to blow 
air into the tank, but the control ventilation 
provided by these low air quantities would 
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be negligible. The tarry nature of the resi- 
dues makes this operation a nondusty one. 
The amount of vapor and dust released 
would ordinarily be negligible, but the con- 
fined space can lead to an accumulation of 
contaminants, which could contain any of 
the raw materials or intermediates which 
were not removed in the cleansing process, 
as well as TCP. 

(g) Maintenance: Since some of the 
processes involve high temperatures and ex- 
treme pressure conditions, maintenance of 
the equipment, valves, fittings, packings, etc., 
is extremely important. There is a consider- 
able skin and inhalation exposure potential 
to the 12 men so employed. 


Sampling and Analytic Technique 


The methods devised by Hunter,’ as re- 
ported by Elkins,? were utilized, except that 
the ultraviolet spectrophotometer was used 
for the determinations. 

The sampling method involves scrubbing 
of the sampled air with a fritted glass bub- 
bler containing isopropyl alcohol as a sol- 
vent. Tests have indicated oil mist and 
vapor retention efficiencies approaching 
100%. 

The analytic technique involves a conver- 
sion of the organic phosphate to inorganic 
phosphate. This is treated with a reagent 
containing ammonium molybdate, sodium 
sulfite, and hydroquinine and determined 
colorimetrically with the ultraviolet spectro- 
photometer. With this technique the limit- 
ing sensitivity of the analytic method was 
0.0006 mg. of phosphorus in the total 
sample solution.’ This is equivalent to 0.002 
mg. tricresyl phosphate in the sample solu- 
tion. The lowest analytical result found in 
this study was 0.02 mg. tricresyl phosphate 
in the sample solution, well above the limit- 
ing sensitivity. 

The results are reported as tricresyl phos- 
phate, although the contaminant will contain 
as well other trialkyl phenyl phosphates 
which will vary in formulation as different 
products are manufactured. With the use 
of tricresyl phosphate as a basis for calcu- 
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lating, the results will give a single repro- 
ducible index of contamination. The error 
involved will be slight, since the molecular 
weights and vapor pressures of the various 
ingredients are so similar. 

Due consideration has been given to the 
extremely low vapor pressure of tricresyl 
phosphate. This might indicate that signifi- 
cant exposure to this material in industrial 
applications might be confined to the mist 
which could be created by a leaking hydrau- 
lic line, for example. The bubbler samples 
reported below will collect both mist and 
vapor, and in this study only total inhala- 
tion, rather than relative amounts of mist 
and vapor, is relevant. Filter-paper sam- 
ples, which were presumed to collect mist 
only, were taken simultaneously and will 
be discussed later. 


Air Samples 


Samples of 30 minutes’ duration were 
taken in the breathing zone of the operator 
at all points of potential exposure. Samples 
at batch operations encompassed at least 
two complete cycles. The weather was cool, 
so that natural general ventilation repre- 
sented average or below average conditions. 
Production of a mixture of trialkyl phenyl 
phosphates was normal. 


Results are as follows: 
TCP Concentration, 


Operation Mg /Cu. M. 
1. Washing crude oil 0.45 
2. Decolorizing kettles 3.40 
3. Clarification and filtration 0.67 
4. General air 0.27 
5. Still cleaning 0.44 


Comment 


With the exception of the yard men, 
whose exposure has been intermittent, and 
the maintenance men, whose exposure was 
undetermined but probably fairly high, the 
workers are continually exposed to concen- 
trations ranging from 0.27 mg/cu. m. to the 
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concentration found at their particular op- 
eration. 

Samples taken simultaneously on No. 40 
Whatman filter paper, in an effort to obtain 
mist concentrations, were all lower than the 
bubbler samples but showed no constant 
correlation. The ratio of filter-paper to 
bubbler results was 90% at Location 1, 
40% at Location 2, less than 10% at Lo- 
cation 3, and 30% at general air conditions. 
Since no data exist on the retention effi- 
ciency of the paper for this particular mist, 
no reliable conclusions can be drawn, other 
than an apparent high rate of mist forma- 
tion at washing and decolorizing operations. 
The presence of mist may be significant in 
that it introduces an additional skin-contact 
factor which would be much greater than 
with vapor alone. 


Summary 


An environmental study of a plant manu- 
facturing trialkyl phenyl phosphates has 
been presented. 

The plant was found to be uniquely 
amenable to an industrial hygiene study, be- 
cause personnel, operations, product, and 
exposures have remained relatively constant 
for a significantly long period of time. 

Atmospheric concentrations of tricresyl 
phosphate have been determined, and a con- 
tinual potential of skin absorption has been 
demonstrated. 

Exposure to phosphorus oxychloride is at 
present probably minimal, but significant 
concentrations were present in the past. 


Clinical findings will be given in Part II. 
80 Centre St. (13) 
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Manufacture of Tricresyl Phosphate and Other Alkyl 
Phenyl Phosphates: An Industrial Hygiene Study 


II. Clinical Effects of Tricresyl Phosphate 


IRVING R. TABERSHAW, M.D., and MORRIS KLEINFELD, M.D., New York 


The environmental conditions found in a 
plant manufacturing trialkyl phenyl phos- 
phates are described in Part I of this study. 
Triorthocresyl phosphate, one of the ingre- 
dients, has been shown to be extremely toxic 
to animals and to man when accidentally 
ingested. In spite of increasing use in in- 
dustry there has been a dearth of informa- 
tion pertaining to the adverse effects on 
humans under working conditions since the 
findings of Hunter during World War II.’ 
The clinical evaluation of workers exposed 
to tricresyl phosphate during its manufac- 
ture was therefore deemed especially signifi- 
cant. 


Existing Medical and Sanitary Facilities 


Sanitary facilities were maintained in a 
separate change room. Wash basins with 
hot and cold running water, showers, soap, 
and two lockers were provided for each 
worker. Sanitation was not supervised, nor 
was time off for washing permitted. There 
was no cafeteria or lunch room, and work- 
ers ate either in a smoke shed or on the job. 

A preplacement physical examination had 
been instituted within the last ten years but 
did not include laboratory evaluation. Peri- 
odic check-up was mandatory only for those 
50 years of age or over. A first-aid kit 
was provided, and a fully equipped dispen- 
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sary was located within a few blocks in 
another plant building. 


Medical and Clinical Studies 


Medical evaluation of workers currently 
employed was carried out by taking a de- 
tailed medical and occupational history on 
each person. A complete clinical examina- 
tion was made, including laboratory deter- 
minations which consisted of urinalysis and 
test of the cholinesterase activity of blood 
(red blood cells and plasma). Thirty-four 
out of approximately forty men of the total 
operating force were examined, and the 
clinical, environmental, and laboratory data 
correlated. 

Workers were placed in a high- or a low- 
exposure category. The determination of 
degree of exposure to tricresyl phosphate 
was based essentially on the type of opera- 
tion that each worker performed and an 
evaluation of the degree of skin contact or 
atmospheric contamination to which he was 
subjected. It has been demonstrated that 
there was a constant, although small, expo- 
sure of all workers to inhalation of con- 
taminated general room air. Opportunity 
for absorption through skin contact was 
also universal in the plant. While certain 
operators had higher exposures, most of 
them had at one time or another been ro- 
tated in their jobs, and differences in poten- 
tial exposure over a long period of time were 
too small to be significant. The high-expo- 
sure group, therefore, includes all the main- 
tenance personnel, kettle treaters, washers 
and operators, yard men, foremen, etc. The 
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TABLe 1.—Symptomatology and Positive Clinical Findings 


Total EENT 


High 


Respiratory Skin 


8=Symptoms 
F=Postive findings 


low-exposure group includes primarily the 
clerical staff and laboratory personnel. 

The average age of all the workers was 
42.4 years, and the average length of ex- 
posure was 8.9 years, Sixteen men had 
exposures of ten years or more, The re- 
sults showing significant findings were cor- 
related with the degree of exposure (high 
or low). Of the 34 men, 6 were considered 
to have a low exposure and 28 a high ex- 
posure. 


Clinical Findings 


Table 1 summarizes significant data re- 
ferable to symptomatology and _ positive 
clinical findings. 

The data in Table 1 show a positive cor- 
relation between the degree of exposure and 
the number of symptoms and positive clin- 
ical findings relating to the following sys- 
tems: eye, ear, nose, and throat (EENT) ; 
respiratory; skin; neuromuscular (NM), 
and gastrointestinal (GI). There was no 


correlation found in relation to other sys- 
tems, such as the cardiovascular and 
genitourinary, and these have not been in- 
cluded in the Table. 

The neuromuscular symptoms (hypesthe- 
sia, decreased vibratory sense, and sluggish 
reflexes) and gastrointestinal symptoms 
(nausea, heartburn, and emesis) may be 
associated with exposure to both phosphorus 
oxychloride and tricresyl phosphate, 

Table 1 relates years of exposure with 
cholinesterase activity in plasma. There 


was no depression of cholinesterase activity 


in the red blood cells of the group. 


Laboratory Studies of Cholinesterase 
Activity 


Table 2 relates years of exposure with 
cholinesterase activity in plasma. There was 
no depression of cholinesterase activity in 
the red blood cells of the group. 

Table 2 demonstrates, first, that no sig- 
nificant correlation exists between duration 


TasBLeE 2.—Cholinesterase Activity (Per Cent of Normal) in Plasma 
Per Cent of Normal=0.912 


Cholinesterase Activity (100%=Normal) 


on 


60-69 70-79 


2 


80-89 


1 
1 


H= High exposure 
L= Low exposure 


* Five of the 34 workers were not available for cholinesterase study. 
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and degree of exposure and decrease in 
cholinesterase activity and, second, that a 
significant number (16) showed a depressed 
plasma cholinesterase activity (70% of 
normal or lower). There was no correlation 
between either gastrointestinal or neuro- 
muscular symptoms and depressed cho- 
linesterase activity. 


Comment 


Triorthocresyl phosphate is the most sig- 
nificant toxin of the triphosphate esters. It 
is notable for its neurotoxic effect, giving 
rise to a slowly developing persistent paraly- 
sis. Gastrointestinal symptoms are often 
present as acute manifestation but are of 
less serious consequence. A recent report 
from the literature has stressed the increased 
incidence of peptic ulceration associated 
with chronic exposure to tricresyl phos- 
phate. The most significant laboratory find- 
ing is an inhibition of cholinesterase, an 
enzyme involved with the activity of the 
parasympathetic nervous system. 

The toxic manifestations observed in hu- 
mans have almost always followed the in- 
gestion of this compound. The “jake leg 
paralysis” observed during Prohibition days 
was due to the drinking of ginger extract 
adulterated with this material. Experiments 
using a radioactive phosphorus have shown 
that skin penetration can occur in man, and 
hence absorption must be entertained as a 
possible avenue of exposure.? The very 
low vapor pressure of tricresyl phosphates 
makes the possibility of inhalation of haz- 
ardous amounts as a vapor very unlikely. 
The cumulative effect of repeated small dos- 
ages has been stressed and becomes of par- 
ticular importance where chronic exposure 
is present. The route of exposure in this 
situation was not clearly established and may 
have been through skin contact or inhalation 
or both. 

The scarcity of reports of industrial toxi- 
cation may be due to (a) the mode and 
manner of use of this material, (>) the ef- 
fectiveness of protective measures employed, 
(c) the nature or type of manufacturing 
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processes involved, and (d) the lack of fa- 
miliarity with mild cases. 

It is apparent that, in the manufacture of 
tricresyl phosphate, absorption of the ma- 
terial is demonstrated by the finding of a 
significant number of workers with a de- 
crease in plasma cholinesterase (70% or less 
of normal). This absorption potential is 
corroborated by atmospheric analyses, which 
have demonstrated the presence of tricresyl 
phosphate in the general air of the plant, 
with higher concentrations at certain spe- 
cific operations. 

It is significant, however, that, with an 
average worker exposure of 8.9 years, only 
minimal clinical effects were observed which 
did not entail any lost time or serious 
medical investigation. The neuromuscular 
findings cannot be definitely attributed to 
tricresyl phosphate, and the gastrointestinal 
symptoms may be well due to the other 
chemicals used in the process. It is of fur- 
ther interest that, although industrial hy- 
giene conditions were not very favorable, as 
exemplified by the policy of permitting 
workers to eat in the manufacturing areas, 
the clinical data are conspicuous by the ab- 
sence of any serious disease attributable to 
tricresyl phosphate. 


Summary 


The results of medical and clinical studies 
of workers engaged in the manufacture of 
tricresyl phosphate have been presented. 

Absorption of the material has been 
shown to be frequent and continual; inges- 
tion was minimal; inhalation of atmospheric 
contaminants was continual but not signifi- 
cant. 

Thirty-four workers, exposed an average 
of 8.9 years, showed no chronic adverse ef- 
fect on health. There was some evidence of 
absorption and probably some aggravation 
of gastrointestinal and neuromuscular symp- 
toms which were functional and mild. 

Standard industrial hygiene and sanita- 
tion practices used in industry should afford 
ample protection. 
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Books 


Industrial Deafness. By Joseph Sataloff. Price, $8. Pp. 333. McGraw-Hill Book Com- 
pany, Inc., 330 W. 42d St., New York 36, 1956. 

The author, Joseph Sataloff, M.D., D.Sc., has written an urgently needed book. This book 
is not written for the engineer trained in acoustics but for those industrial physicians, hygien- 
ists, and executives who may be concerned with conservation of hearing and the development 
of such programs. 

The book is presented in three sections. The first section is a brief and general considera- 
tion of the physics of sound, the physiology of hearing, both normal and defective, and an 
excellent statement of the medicolegal significance of occupational deafness. The second part 
considers the techniques of measuring noise. The difficult concept of damage risk criterion is 
explored. The author indicates his dissatisfaction with the concept but states that the validity 
of the criterion should be accepted until a more accurate frame of reference is known. Part 
three presents a detailed résumé of all aspects of testing hearing in a step-by-step manner. 
There is an excellent chapter on the interpretation of hearing tests. 

Several chapters are written by recognized specialists in the fields of hearing and noise 
measurements. A partial bibliography is followed by a source list of visual aids important to 
the industrial physician and safety engineer. This is a thoroughly practical book, not esoteric, 
and should be widely used in industry today. The book is a highly competent presentation of 
an extraordinarily complex industrial medical problem. 


Evan R. Gortra, M.D. 
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Industrial hygienists faced with the task of measuring 
and analyzing noise conditions are quickly recog- 
nizing the contributions of the M-S-A Soundscope. 
With this single instrument they can plot the answers 
to (1) overall sound pressure levels, (2) sound pres- 
sure levels of components in octave bands through- 
out the audible spectrum, and (3) sound pressure 
levels in bands narrower than whole octaves. 

This unit, based on a design developed for Mine 
Safety Appliances Company by Allison Laboratories, 
Puente, California, meets pertinent specifications of 
the American Standards Association for Sound 
Level Meters and Analyzers. 

The overall Sound Level Section covers the range 
of 24 to 150 decibels. Overall attenuation can be 
varied through a range of 110 db. in 10 db. steps. 
The Analyzer Section, controlled by coupled knobs, 
measures sound levels in each of the seven octave 
bands from 75 to 9600 cycles. Analyzer attenuation 
can be varied through the range of 40 db. in 10 db. 
steps. The Narrow Band Analyzer function utilizes 
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Announcing 
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MINE SAFETY APPLIANCES COMPANY 


At Your Service: 82 Branch Offices in the United States and Canada 


A precision instrument that 
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® SOUND LEVEL METER 
* OCTAVE BAND ANALYZER 
* NARROW BAND ANALYZER 


in a single compact unit, 
with self-contained 
power supply and integral 


electrical and 


acoustical calibration 


a set of continuously variable high and low cutoff 
filters. Knob control provides settings ef constant 
percentage band widths for fine analysis. 

Our new bulletin gives complete information. 
Write for a copy. 


Fabric luggage cover with shoulder straps provides protection 
facilitates carrying. 


201 North Braddock Avenue, Pittsburgh 8, Pa. 


an 

ay 
| 

* 

. 

a 
: 
x 

\ 
he 
: 


